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ABSTRACT 


Sandstones  of  the  Dunvegan  Formation  from  the  type  area  are  described 
with  respect  to  texture,  composition,  and  K-Ar  dates  from  K-feldspars. 

Investigations  on  grain  size  distribution  indicate  that  the  sandstones  are 
submature  and  medium-grained.  On  the  basis  of  size  parameters  it  is  inferred 
that  the  provenance  was  not  restricted  to  one  type  of  rock  and  that  the  sorting 
effect  of  the  environment  was  poor. 

The  composition  of  the  sandstones  suggest  that  sedimentary  rocks  were 
probably  major  contributors  to  the  sediment,  and  igneous  and  metamorphic  rocks 
supplied  a  lesser  proportion  of  the  detritus. 

K-Ar  dates  from  the  K-feldspars  of  two  samples  agree  with  the  Late 
Jurassic  age  assigned  to  early  orogenies  in  the  Cordillera  to  the  west.  Differences 
in  the  two  dates  support  the  hypothesis  that  the  Dunvegan  sediments  were  derived 
by  unroofing  of  rising  Cordilleran  batholiths  to  the  west. 
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INTRODUCTION 


General  Statement 

This  thesis  presents  a  study  of  texture  and  composition  of  Dunvegan  sand¬ 
stones  from  the  type  section  of  the  Dunvegan  Formation.  Although  two  type  sections 
of  the  Dunvegan  Formation  were  designated  by  Dawson  In  1881:  one  on  the  Peace 
River  at  Dunvegan,  Alberta,  and  another  on  the  Pine  River  at  East  Pine,  British 
Columbia;  the  former  is  now  usually  considered  the  type  area  of  the  formation 
(Steick,  1962;  p.  13),  and  was  the  one  examined  In  the  present  study  (Figure  1). 

A  little  over  400  ft.  of  the  formation  Is  exposed  at  Dunvegan  crossing 
close  to  the  bridge  (Lot.  55°56'N,  Long.  118°36';  Twp.  80,  Rge.  4,  W6  Meridian). 
Some  part  (less  than  10  feet)  of  the  formation  Is  apparently  below  the  water  level 
of  the  Peace  River.  The  24  samples  studied  in  this  work  were  collected  from  the 
outcrop  and  represent  all  the  sandstone  phases  of  the  formation  in  this  section.  The 
position  of  the  samples  in  the  vertical  section  of  the  formation  Is  shown  in  figure  2. 

Previous  Work 

In  1881,  G.M.  Dawson  introduced  the  name  "Dunvegan  Formation"  for 
what  he  called  the  "Lower  sandstone  and  shales  of  the  lowest  forks  of  Pine  River  and 
parts  of  Peace  River  valley".  Dawson's  work  was  of  an  exploratory  nature  and 
covered  the  area  between  Port  Simpson  (on  the  Pacific  Coast)  and  Edmonton.  A 
portion  of  the  northern  part  of  British  Columbia  and  the  Peace  River  country  was 
also  included  in  the  study. 

R.G.  McConnell's  (1892)  work  was  also  of  a  reconnaissance  nature.  He 
notes  that  the  Dunvegan  Sandstone  of  the  Peace  River  section  is  not  represented  at 
the  Athabasca  River  section. 
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DUNVEGAN  FORMATION 


Columnar  Section  From  The  Type  Area 
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Studies  by  McLearn  (1919,  1935,  1943,  1945),  McLearn  and  Henderson  (1944), 
Warren  (1930,  1933),  Warren  and  Steick  (1940)  have  contributed  much  towards  the 
knowledge  of  the  formation,  especially  its  palaeontology.  Warren  and  Steick  (ibid) 
placed  the  Pouce  Coupe  Sandstone  and  Doe  Creek  Sandstone  as  sandstone  members  of 
the  Dunvegan  Formation,  but  these  members  have  been  retained  in  the  Kaskapau  by  the 
Geological  Survey  of  Canada. 

Wickenden  and  Shaw  (1943)  report  the  presence  of  cross-bedding  in  the  sand¬ 
stones  of  the  formation  in  the  Pine  River  Valley.  They  have  also  recorded  the  presence 
of  some  conglomerate. 

In  the  study  of  the  geology  adjacent  to  the  Alaska  Highway  between  Fort 
St.  John  and  Fort  Nelson,  British  Columbia,  C.O.  Hage  (1944)  reports  that  on  the 
Alaska  Highway,  the  Dunvegan  Formation  consists  of  sandstone,  shale  and  some  con¬ 
glomerate. 

Kindle  (1944)  mapped  the  Nelson  Formation  and  compared  it  with  the  Dunvegan 
Formation. 

Williams  (1944)  mapped  a  formation  of  conglomerate  and  sandstone  on  Table, 
Steamboat,  and  Teepee  Mountains  and  considered  it  to  be  of  the  same  age  as  the 
Dunvegan  of  the  south,  and  identical  with  the  Fort  Nelson  Formation. 

Contributions  by  Steick  (1950),  Steick  and  Wall  (1955)  and  Steick  et  al. 

(1958)  have  been  mostly  palaeontological  studies  (including  micropalaeontology)  and 
add  to  our  present  knowledge  of  the  Dunvegan  sediments. 

Beveridge  and  Folinsbee  (1956)  studied  some  heavy  mineral  assemblages  of 
the  formation  in  an  attempt  to  correlate  the  Mesozoic  and  Cenozoic  sedimentary  rocks 
of  Alberta  basin  with  the  batholithic  intrusives  of  the  Cordillera. 
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CHAPTER  TWO 

STRATIGRAPHY 


The  Dunvegan  Formation 

G.M.  Dawson  (1881)  used  the  name  Dunvegan  Formation  for  a  group  of  fresh 
water  sandstones  and  shales  occurring  at  Dunvegan,  an  old  trading  centre  on  the  Peace 
River  in  Alberta.  From  more  recent  accounts,  the  formation  also  includes  some  brackish 
to  marine  phases. 

The  formation  consists  of  light  grey,  massive,  crossbedded  sandstones,  thick 
dark  grey  shales,  flat  ironstone  concretions,  thin-bedded  sandstone  and  shale,  and 
rare  calcareous  layers.  Thin  coal  seams  have  also  been  reported  to  occur  in  the  forma¬ 
tion  but  these  are  rare. 

According  to  Gleddie  (1954;  p.  494),  the  lithologic  units  themselves  are 
lenticular  and,  although  the  coarse  sandstone  phases  are  in  many  places  replaced  in 
part  by  lenses  of  siltstone  and  shale,  the  zones  have  more  or  less  lateral  continuity 
because  new  lenses  of  similar  sandstone  normally  reappear  within  them. 

The  idea  that  the  formation  is  of  deltaic  nature  is  well  established  in  the 
minds  of  students  of  geology  in  western  Canada.  The  present  study  does  not  do  away 
with  this  assumption,  rather,  based  on  textural  implications,  it  is  suggested  that 
conditions  close  to  that  of  a  beach  environment  probably  prevailed  in  certain  sandstone 
phases  of  the  type  section. 

Extent  and  Size  of  the  Formation 

The  Dunvegan  Formation  has  a  wide  distribution  in  parts  of  northeastern 
British  Columbia  and  northwestern  Alberta.  It  outcrops  along  the  valley  of  Peace 
River  from  Cache  Creek  to  near  the  mouth  of  the  Smoky,  and  probably  underlies  the 
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Figure  3.  Schematic  Diagram  showing  Facies  Changes 
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uplands  northwest  and  northeast  of  the  town  of  Peace  River  (Me Learn,  1945).  In 
the  valley  of  Smoky  River,  it  occurs  from  Watino  to  near  the  confluence  of  this 
river  with  the  Peace.  Its  occurrence  is  also  reported  in  the  valley  of  Pouce  Coupe 
River,  in  Pine  River  Valley,  on  Kiskatinaw  River,  on  Flat  Creek,  and  in  the  valley 
of  Moberly  River.  To  the  north,  Hage  (1944)  traced  the  formation  along,  and  east  of, 
the  Alaska  Highway  from  near  Dunvegan  to  Indian  Creek.  Southwest  of  Fort  Nelson, 
on  the  north  side  of  Tetsa  Valley,  M.Y.  Williams  (1944)  considered  the  formation  of 
conglomerate  and  sandstone  on  Table,  Steamboat,  and  Teepee  Mountains  to  be  equi¬ 
valent  in  age  to  the  Dunvegan  of  the  south.  Far  to  the  south  the  Dunvegan  has  been 
identified  in  Monkman  Pass  (Me Learn  and  Henderson,  1944)  and  has  been  traced  still 
farther  south  beyond  Wapiti  River,  along  the  foothills  of  the  Rocky  Mountains  by 
geologists  of  oil  companies  (McLearn,  1945).  To  the  east,  the  formation  is  not 
recognized  beyond  the  Athabasca  River  (Steick,  Wall,  Wetter,  1948,  p.  25). 

The  general  geometry  of  the  formation  is  that  of  a  wedge.  Its  thickness  varies 
from  about  1200  feet  in  the  west  (Pine  River  section)  to  300  feet  in  the  east  (east  of  type 
area).  At  the  type  area  where  only  the  arkosic  member  of  the  formation  is  thought  to  be 
exposed,  the  formation  is  over  400  ft.  thick.  Fig.  3  shows  the  decrease  in  thickness 
in  the  formation  from  west  to  east.  The  Pine  River  section  includes  in  the  sandy  litho- 
facies  an  additional  stratigraphic  interval  compared  to  the  Dunvegan  section  of  the 
type  area. 

Lower  Contact  of  the  Formation 

The  Dunvegan  Formation  overlies  the  marine  Shaftesbury  Formation  and  its 
equivalents  and  underlies  the  marine  Kaskapau  Formation  (Table  1).  Both  boundaries 
are  transitional  and  of  brackish  nature,  and  also  diachronic.  Regarding  the  lower 

boundary  of  the  Dunvegan  Formation,  Steick,  Wall  and  Wetter  (1958,  p.  15)  state - 

"The  top  of  the  shaly  St.  John  beds  on  Favels  Creek  (below  East  Pine,  British  Columbia), 
although  still  transitional,  is  as  low  as  the  cone-in-cone  marker-bed  (i.e.,  61  feet 
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stratigraphical ly  below  the  base  of  the  Dunvegan  Formation  at  Wilder  Creek,  or  around 
100  feet  below  the  base  at  Beatton  River)  ....  The  total  outcrop  exposed  at  Dunvegan 
ferry-crossing  (now  a  bridge  crossing),  that  is,  the  type  area,  includes  only  the  arkosic 
portion  of  the  Dunvegan.  The  lower  brackish  member  is  assumed  to  be  below  water  level 
at  this  point. " 

For  their  four  fold  division  of  the  Dunvegan  Formation  at  Beatton  River  section, 
Steick  £t  (1958)  indicate  that  the  lower  members  represent  the  sanding  up  of  the 
Cruiser  sea  while  the  arkosic  sand  member  introduces  the  fluvial  phase  and  marks  the 
expulsion  of  the  sea  from  the  St.  John  area.  According  to  them,  the  arkosic  member 
is  known  to  rest  in  places  with  an  erosional  unconformity  upon  the  brackish  member  in 
the  area  to  the  west  and  northwest  where  conglomerates  become  common. 

In  this  connection  Beveridge  and  Folinsbee  (1956)  have  pointed  out  that  this 
arkosic  member  (and  hence  most  of  the  section  at  the  type  area)  actually  represents  the 
unroofing  of  the  batholiths  in  northern  British  Columbia.  Based  on  evidence  from 
palaeontology,  Steick  and  others  (1958)  have  chosen  the  base  of  the  arkosic  member 
to  mark  the  upper  boundary  of  the  Lower  Cenomanian  substage  in  this  area. 

Upper  Contact  of  the  Formation 

The  boundary  of  the  Dunvegan  Formation  with  that  of  the  overlying  Kaskapau 
Formation  is  also  transitional  and  diachronic.  Crickmay  (1944)  defined  the  top  of  the 
Dunvegan  Formation  at  about  the  stratigraphic  position  of  Inoceramus  dunveganensis. 
However,  because  of  the  transitional  nature  of  the  boundary  between  the  Dunvegan 
Formation  and  the  Kaskapau  Formation,  the  base  of  the  latter  formation  is  taken  to 
mark  the  upper  boundary  of  the  Dunvegan  Formation.  At  the  type  area  of  the  Dunvegan 
Formation,  the  base  of  the  Kaskapau  Formation  is  usually  placed  at  about  190  feet 
below  the  top  of  the  Howard  Creek  sand  (Steick  and  Wall,  1955;  p.  8).  To  the  west, 
the  base  of  the  Kaskapau  Formation  on  the  Pine  River  near  East  Pine  is  often  placed  at 
the  top  of  the  Pouce  Coupe  snad  member,  as  the  latter  is  plant-bearing  in  that  area 
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and  contains  thin  coal  seams.  In  the  type  area  of  the  Kaskapau  along  the  Smoky  River 
in  Alberta  the  basal  stratigraphic  portion  is  missing.  Here  the  base  of  Kaskapau  is 
about  the  same  horizon  as  the  top  of  the  Howard  Creek  member.  On  the  Pouce  Coupe 
river,  west  of  Bonanza,  the  basal  beds  are  brackish  and  two  clean  sand  members,  the  Doe 
Creek  Sandstone  (6  feet  thick)  and  the  Pouce  Coupe  Sandstone  (30  feet  thick),  occur 
at  190  and  270  feet  above  the  base  respectively,  and  accordingly,  the  base  of  Kaskapau 
is  placed  300  feet  below  the  top  of  the  Pouce  Coupe  sand  member. 

Age  of  the  Dunvegan  Formation 

There  is  a  general  agreement  that  the  boundary  between  the  Upper  Cretaceous 
and  Lower  Cretaceous  series  comes  within  the  underlying  Shaftesbury  Shale  or  its  equi¬ 
valents.  The  Ammobaculites  pacalis  zone  of  the  "Lower"  Kaskapau  (which  includes 
Howard  Creek  sand)  of  Steick  and  Wall  (1955,  p.  20)  is  considered  latest  Cenomanian, 
as  two  species  of  Dunveganoceras  are  found  within  the  stratigraphic  limits  of  this  zone. 
Thus  the  Dunvegan  Formation  falls  well  within  the  boundaries  of  Cenomanian  stage. 
Steick,  Wall  and  Wetter  (1958,  p.  7)  further  comment  that  the  boundary  between  the 
upper  and  lower  portions  of  the  Cenomanian  stage  appears  to  fall  within  the  Dunvegan 
Formation . 

A  continuous  sequence  of  the  local  faunas  for  the  Cenomanian  stage  from  the 
Howard  Creek  sand  member  of  the  Kaskapau  Formation  to  the  fish-scale  sand  marker-bed 
of  the  Shaftesbury  Formation  is  as  follows  (after  Steick  et  a|^. ,  1958;  Crickmay,  1944): 
Upper  Cenomanian: 

Inoceramus  aff.  fragilis  Hall  and  Meek 
Dunveganoceras  hagei  Warren  and  Steick 
Dunveganoceras  cf.  parvum  Cobban 
Dunveganoceras  albertense  (Warren) 

Dunveganoceras  cf.  conditum  Haas 


Ostrea  aurea  (Warren  and  Steick) 
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Hi  Mites  cf.  septarianus  (Cragin) 

Inoceramus  dunveganensis  Me  Learn  ) 

Inoceramus  rutherfordi  Warren  )  Dunvegan  Formation  of  the 

)  type  area  (C.R,  Steick, 

Lower  Cenomanian;  )  personal  communication) 

) 

Brachidontes  cf.  fulpensis  Stephenson  ) 

Pleurobema  dowl ingi  (Me Learn) 

P.  cruiserensis  n.  sp.;  Brachidontes  cf,  tenuisculpta  (Whiteaves) 

Beattonoceras  be^attonense  Warren  and  Steick 

Irenicoceras  bahani  Warren  and  Steick 

"Fish-scale  sands" 

Regional  Aspects 

A  natural  lithologic  division  of  the  Cretaceous  System  is  found  in  Europe  where 
the  lower  clastic  sequence  of  formations  (Weald,  Lower  Greensand  and  Gault)  make  the 
Lower  Cretaceous  Series,  and  the  overlying  chalky  beds  (the  Chalk)  make  the  Upper 
Cretaceous  Series,  So  far  the  boundary  between  Albian  and  Cenomanian  is  considered 
to  mark  the  boundary  between  these  two  series,  the  base  of  Cenomanian  is  also  the 
base  of  the  Upper  Greensand  at  the  base  of  Chalk  beds.  Correlation  of  certain  non- 
limy  biofacies  of  the  Cenomanian  stage  in  other  parts  of  the  world  with  the  type 
Cenomanian  of  the  Chalk  is  rendered  difficult  because  of  the  absence  of  such  facies  in 
the  type  section. 

In  North  America,  the  boundary  between  Woodbine  Formation  and  Washita  Group, 
in  the  Gulf  region,  marks  the  boundary  between  Gulf  Series  and  Comanche  Series.  Though 
for  all  practical  purposes  the  Gulf  Series  is  taken  as  equivalent  to  Upper  Cretaceous 
Series,  the  base  of  Cenomanian  is  stratigraphical ly  lower  than  the  base  of  the  Gulf  Series. 

It  has  been  pointed  out  by  Me  Learn  (1945)  that  though  all  students  of 
Canadian  Cretaceous  faunas  accept  an  early  Upper  Cretaceous  age  for  the  Dunvegan 
Formation,  no  typical  Cenomanian  species  or  genus  is  present. 
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Steick,  et  aj_.  (1958)  have  suggested  indirect  correlation  to  define  the  Albian- 
Cenomanian  boundary  in  western  Canada  in  view  of  the  endemic  nature  of  the  Lower 
Cenomanian  faunas. 

Marine  beds  of  late  Albian  time  are  represented  in  western  Canada  by  the 
lower  member  of  Shaftesbury  Formation  or  its  equivalents.  The  Albian  sea  invaded  this 
area  from  the  north  and  it  appears  to  have  had  its  maximum  southern  expansion  to  the 
International  Boundary  in  Saskatchewan  (Wickenden,  1932).  Recently  it  is  assumed 
to  have  extended  into  the  Wil listen  Basin  area  of  the  United  States  (Steick,  et  al., 

1958)  and  around  the  area  of  Black  Hills  where  it  is  represented  by  Mowry  Shale 
(ibid,  1958),  but  from  all  published  palaeontological  evidence,  it  was  not  joined  with  the 
sea  from  the  south  continuously.  This  explains  the  difficulties  of  correlation  with  the 
Gulf  region , 

The  top  of  the  Albian  beds,  in  western  Canada  plains,  is  marked  with  a  wide¬ 
spread  occurrence  of  a  sand  bed  bearing  fish  scales.  Inasmuch  as  the  "fish-scale  sand" 
represents  conditions  of  slow  deposition  (Steick,  1950),  the  supply  of  detritus  by  the 
close  of  Albian  time  was  at  a  minimum.  The  microfaunal  suite  of  this  sand  bed  contains 
the  pelagic  foraminifera,  Globigerina  and  Gumbelina  (Steick  and  Wall,  1955),  which 
has  been  interpreted  by  Steick  et  al.  (1958)  to  represent  possible  connections  with 
Atlantic  Ocean,  through  Hudson’s  Bay  (?). 

The  continuation  of  the  deposition  of  marine  shale  at  the  beginning  of 
Cenomanian  time  over  most  of  the  shales  of  Albian  time  and  absence  of  calcareous 
benthonic  foraminifera  (Steick,  et  al.,  1958)  are  probably  indicative  of  the  return  of 
normal  deep  water  conditions.  These  conditions  probably  prevailed  in  the  type  area 
of  Dunvegan  Formation  for  most  of  the  Lower  Cenomanian  substage  as  by  late  Lower 
Cenomanian  time  the  detritus  brought  by  the  rivers  created  by  the  uplift  to  the  west 
had  begun  to  advance  in  this  area  as  a  delta  front.  According  to  Steick  and  others 
(1958),  this  uplift  occurred  after  the  first  Tuff  marker-bed  of  the  St.  John  Shale. 


-ndfdIA  •ni^eb  fwi-folsno  fdsiJbnt  bdUsgeuc  ovoH  (8^9f)  .jo^ 

idwoJ  ®iuiofi  Dimsbn®  aHt  1o  ^jv  ni  abonx>3  meti©w  nl  Ytisb/iuod  noinomoneD 

*  ^  ,fDnuo>  no»nornonsD 

srit  \(d  obonD^  n>®l4®w  ni  b®ln5e®iiqdi  ®io  smit  rtoidtA  ®fDl  1o  <b®d  srriioM 
fJfft  bsbovrti  uat  noidIA  sHT  ,£ln®loviof>9  «ii  i©  noHomio^  ^iud«atfod2  \o  ^admern  lawol 
adl  oi  notanoqxd  n-radtuoe  mumTxDm.iH  boH  avod  o1  rtuoqqo  If  bno  edl  oeic 
bamuttD  (i  H  yllnoaa^  .(S89r  ^nebnodaiW)  nowaHato^^^o^  n<  ^idbmjoB  lonoilomalml 
'*i£i2  eaiol2  batinU  adt  }o  oaiD  nieofl  noiiillfW  edt  oini  babwixa  avoH  o1 

®loH2  y^woM  >(d  bdtoe*siqai  t]  ii  a^adw  «lliH  dsoW  to  vm'to  adt  bnuoio  bno  (8291 
adi  ditw  banioj  ton  eow  il  .oonoblva  kaleolotnoaoloq  badsHduq  I  Id  moi\  tud  ,(Se9r  ,bJd() 
arH  i4ttw  noitolsnoo  1o  arlt  xnlolcpca  *iffT  ,yl4i>ounftno3  rHuo*  moi^  oot 

«noi9®i  ?luO 

-abiw  o  dtiw  bodicm  <1  ^^nio^  obonoD  mottaw  <il  ^d>ad  noidlA  adt  qol  aHT 
bnos  aloo#*“d*r^  arft  zo  doufrtwnl  .caloat  fiiil  Qnliuad  biKl  bno^  d  to  aonaY^uaDo  boaiq^ 
adt  yd  ^tJtJ1tab  to  ylqque  adt  ^(029 f  ^>blai2)  noltlioqab  woli  to  ^^oJtlbfK)o  elnaiaiqai 
soiotnoD  bad  bfmi  2?dt  to  stiuz  ionuntoioim  edT  ,mufn!n|rn  d  to  eow  amll  noidIA  to  aeoio 
Hoidw  ,lloW  bno  dolalH)  on! ladmuO  bno  oniiaQidQiO  ^oiatinimoiot  otQolaq  adt 

dtiw  inoitoanno^  aidiizoq  InasoTqai  ot  (829T)  *1^  ja  dolai2  yd  bataiqTstnl  naad  2od 

.(9)  yofl  f’noiboH  dguoidt  ^noooO  oitnoMA 
to  QoinniQad  adl  to  slodg  aniiom  to  riodiioqob  adt  to  nbilaunltcfoo  adT 
zuoaiDoloD  to  oon&zdo  bno  amrt  noJdIA  to  talode  adl  to  t«wn  lavo  amlt  nolnomonaD 
to  motai  adt  to  avitooibni  yidodoiq  aio  (859 f-  v.bja  ,dolaf2)  oTatlnlmoiot  alnodfnad 
oaiD  aqyi  adt  nl  betiovaiq  yidodoiq  2no»tibnoo'a*adT  .anoitibnoo  -ratow  qaab  lofmon 
lswoJ  atol  yd  to  agotjdu?  nornomonaD  TawoJ  adt  to  tiofn  lot  ftoifomio^  nogavnuO  to 
taaw  adt  ot  ttilqu  adt  yd  baloaio  nevii  adl  yd  idguoid  zutltlab  arH  amil  nolnomonaD 
2Tad<o  bno  d3lat2  o1  Qnlb-ioDoA  .tfK>it  otiab  o  zo  oa<c»  aidt  ni  aanovbo  ot  nugad  bod 
,aiod2  odoL  .|2  adt  to  bad-ia^nom  ttoT  tein  adt  lalto  bat7uo;K>  ttilqu  aidt  ^(8291) 
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As  the  Lower  Cenomanian  substage  came  to  a  close,  the  area  comprising  the  north¬ 
eastern  part  of  British  Columbia  and  northwestern  part  of  Alberta  became  a  fresh 
water  to  submarine  delta  wedging  into  the  Colorado  sea  to  the  east.  Deltaic  condi¬ 
tions  probably  continued  till  the  early  part  of  Upper  Cenomanian  substage  after 
which  there  was  a  gradual  deepening  of  water  and  marine  shales  (Kaskapau)  were 
deposited.  The  deltaic  sediments  are  referred  to  as  the  Dunvegan  Formation. 


-fiiion  arH  gniii'x)mod  oeio  ^910)3  o  o1  omoo  ©©oteduc  nolnomonaD  t^woJ  srH  lA 
rlesT^  o  smoodd  olisdlA  I0  1  loq  nwla^wrftion  bno  oidmuloD  Htfii'ifl  I0  tioq  ai^UoB 
-ibnoo  oiDtlsO  ,l*o«  erfl  o1  o«z  obo'K>fo3  sdl  otni  Qntgbdw  otUb  enl'.offidue  o1  t^Idw 
590t2duz  noinonKM>9D  >^c)qU  tiix|  xhcw  aHI  ilH  baunHnoo  \ldodoiq  tnoit 

ei9w  (uoqojizD^I)  zalotb  9niu>rn  bno  i»1ow  >0  Qnindq«9b  touboiQ  o  eow  Hoidw 

4 

.noliomio^  nogtvnuC  arit  tv  o1  boii9^dt  910  rlnemib^z  dtoflsb  srJT  .b«1iiooab 

•  I 
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CHAPTER  THREE 

TEXTURES 

Grain-Size  Analysis 

General 

The  size-frequency  distribution  is  a  fundamental  physical  property  of  a 
clastic  sedimentary  rock.  It  may  be  considered  as  a  direct  expression  of  the  physical 
conditions  or  the  kinetic  energy  conditions  within  the  environment  of  deposition. 

The  grade  scale  most  commonly  used  for  expressing  the  grain  size  of  sediments  is  the 
Wentworth  scale.  This  is  a  geometric  scale  in  that  each  grade  limit  is  twice  the 
value  of  the  next  smaller  grade  limit.  An  equivalent  logarithmic  scale,  f\ie  0  (phi) 
scale,  devised  by  Krumbein  (1936),  is  also  frequently  used  in  presenting  data. 

Twenty  four  sandstone  samples  from  the  Dunvegan  Formation  were  analysed 
to  determine:  (1)  size  parameters  and  (2)  sand,  silt,  and  clay  ratios. 

Analytical  Procedure 

The  size  analyses  were  carried  out  by  dry  sieving  the  sand  size-fraction 
(2  mm  -  1/16  mm),  and  the  silt/clay  ratio  was  obtained  by  pipette  analysis  as 
described  by  Folk  (1961).  The  following  is  a  general  outline  of  the  procedure  adopted: 

Disaggregation :  As  all  samples  were  relatively  friable,  they  were  passed 
through  a  jaw  crusher  and  then  disaggregated  on  a  glass  plate  using  a  wooden  roller. 
This  was  found  to  be  a  sufficiently  gentle  process  to  avoid  grain  breakage.  No  acid 
was  used  in  the  disaggregation  process. 

Sieving:  Approximately  100  gms.  of  disaggregated  sample  was  obtained  using 
a  Jone's  type  sample  splitter.  Eight-inch  diameter  Tyler  screens  of  U.S.  Standard 
mesh  nos.  18,  35,  60,  80,  120,  140,  170,  200  and  230  were  employed  in  the  sieving. 
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For  convenience,  the  sieving  was  done  in  two  15-minute  stages  on  a  Rotap,  as  all 
the  screens  could  not  be  accommodated  at  one  time.  All  sieve  fractions  were  weighed 
to  0.01  gm.  The  pan  fraction  was  kept  for  determining  the  silt/clay  ratio  by  pipetting. 

Pipette  Analysis:  The  pipetting  procedure  followed  for  determining  the  clay 
percentage  is  as  given  by  Folk  (1961,  p.  36)  except  that  the  dispersant  used  was  0.1 
per  cent  Calgon  solution,  Since  the  temperature  of  the  solution  varied 

from  28°C.  to  29°C.,  the  value  for  A  in  the  formula 

^  “  1500.  A. ct;  (cm) 

was  taken  as  4.30.  The  time  necessary  for  withdrawal  at  a  depth  of  10  cm  for  silt- 

clay  boundary  size  (.0039  mm)  was  calculated  to  be  1  hour  and  42  minutes.  Separation 

of  silt  and  clay  fractions  by  this  method  depends  on  hydraulic  values  rather  than 

dimensions,  and  is  based  on  Stokes'  formula,  namely: 

y  ^  2gr^  (dl-d2) 

9  n 

in  which  g  =  attraction  due  to  gravity 
r  =  radius  of  particles 
d^  =  density  of  the  particles 
62  =  density  of  the  fluid 
n  =  viscosity  of  the  fluid. 

For  this  law  to  be  true  the  particles  must  be  spherical,  but  for  natural  sedimentary 
particles  down  to  diameter  0.004  mm.,  the  departure  from  spherical  shape  is  not 
significantly  large 

Size  Parameters 

Size-frequency  distributions  are  usually  described  in  terms  of  such  parameters, 
as:  the  mean  and  median,  which  are  measures  of  the  central  tendency;  the  quartile 
deviation  and  standard  deviation,  which  are  measures  of  the  variance  or  spread  of  the 
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distribution  about  the  mean  size;  the  skewness,  which  is  a  measure  of  the  asymmetry 
of  the  distribution;  and  the  kurtosis,  which  is  a  measure  to  compare  the  sorting  in  the 
central  part  with  that  in  the  'tails'  of  the  distribution.  These  parameters  are  here 
derived  graphically  from  cumulative  curves  drawn  from  the  weight-percentages  of 
each  size  class  obtained  by  sieve  and  pipette  size-analysis  methods  (Table  2). 

Measures  of  Central  Tendency:  Two  measures  of  "average"  particle  size, 
mean  and  median  were  determined  (Table  4). 

The  'mean  size'  of  a  sediment  may  be  determined  in  different  ways.  Here, 
the  value  used  is  the  graphic  mean  (Mz)  of  Folk  (1961)  and  is  determined  from  the 
formula  Mz  =  (016  +050  +084)/3.  This  mean  is  considered  to  be  somewhat  better 
than  Inman's  (1952)  formula  [(016  +084)/2],  for  the  latter  is  I  ess  satisfactory  in 
skewed  curves. 

The  'median'  is  also  included  in  the  table  as  it  is  a  commonly  used  measure 
and  also  easier  to  determine  than  the  mean.  It  is  the  value  corresponding  to  the  50 
percentile  on  the  cumulative  curve,  and  has  been  expressed  here  in  0  units.  This 
measure  has  the  disadvantage  of  not  being  affected  by  the  extremes  of  the  curve. 

Table  4  shows  that  the  0  values  of  AAz  are  always  higher  than  those  of  the  median, 
excepting  sample  H150,  indicating  that  most  sandstones  have  an  excess  of  fine  material. 

Measures  of  Sorting:  There  are  several  measures  that  indicate  the  sorting 
or  spread  of  the  curve.  Three  different  measures  of  sorting  have  been  calculated  here 
(Table  4): 

(a)  Trask's  Sorting  Coefficient,  So  =  ,  (P75)/(P25)  (Trask,  1932) 

(b)  Graphic  Standard  Deviation  Oq  =  (084  -  016)/2  (Inman,  1952) 

(c)  Inclusive  Graphic  Standard  Deviation, 

O-j-  =  (084  -  016)/4  +  (095  -  05)/6.6  (Folk  and  Ward,  1957) 

According  to  Trask  (1932),  an  So  value  of  less  than  2.5  indicates  a  well-sorted 
sediment,  a  value  of  about  3.0  is  normal,  and  a  value  greater  than  4.5  indicates 
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a  poorly  sorted  sediment.  These  values  were  found  later  to  be  too  high;  Hough  (1940) 
pointed  out  that  most  near-shore  marine  sand-size  sediments  have  sorting  coefficients 
between  1  .0  and  2.0.  Most  beach  sands  have  So  =  1 .3  -  1 .5  (Folk,  1961;  p.  44). 

The  So  value  of  the  present  samples  might  suggest  that  they  are  beach  sands  in  contrast 
to  their  poorly  sorted  nature  as  shown  by  other  sorting  measures. 

The  graphic  standard  deviation  Oq  (Inman,  1952),  embraces  the  central  68 
per  cent  of  the  distribution.  If  a  sediment  has  Oq  equal  to  0.5  0,  it  means  that  68 
per  cent  of  the  grains  fall  within  1  0  unit  centered  on  the  mean  (for  a  symmetrical 
curve),  and  indicates  that  the  sediment  is  well  sorted.  The  Oq  values  (Table  4)  for 
the  Dunvegan  sandstones  are  higher  than  0.5  0  excepting  samples  156  and  232,  indicating 
that  the  sandstones  are  not  as  well  sorted  as  the  So  values  suggest. 

The  inclusive  graphic  standard  deviation  O-j-  (Folk  and  Ward,  1957),  covers 
90  per  cent  of  the  distribution,  and,  as  such,  is  still  better  measure  of  sorting.  The 
following  classification  scale  for  sorting  has  been  suggested  (Folk,  1961): 

O-j  under  .35  0,  very  well  sorted 
.35  “  .50  0,  well  sorted 
.50  -  71  0,  moderately  well  sorted 
.71  -  1 .0  j2(,  moderately  sorted 
1.0  "2.0  0,  poorly  sorted 

2.0  -  4.0  j2(,  very  poorly  sorted 
over  -  4.0  0,  extremely  poorly  sorted. 

The  Oi"  values  for  the  present  samples  range  from  0.50  0  to  2.81  0,  though  most  samples 
have  O-j-  values  between  1 .0  0  and  2.0  0.  Hence,  according  to  this  scale,  most 
Dunvegan  sandstones  are  poorly  sorted. 

Out  of  the  twenty  four  samples  from  a  stratigraphical  interval  of  about  390 
feet,  sample  156  is  the  best  sorted  and  may  have  been  deposited  in  a  shoreline  environ¬ 
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Measures  of  Asymmetry:  Two  different  measures  of  the  asymmetry  or  skewness 
of  the  cumulative  curves  of  the  sediments  have  been  determined.  These  are: 

(1)  Graphic  Skewness,  SkQ  =  (016  +084  -  205O)/(084  -016)  (Inman,  1952) 
and  (2)  Inclusive  Graphic  Skewness,  Sk| 

=  (016  +  084  -  205O)/2(084  -  016) 

+  (095  +  05  -  205O)/2(095  -  05)  (Folk  and  Ward,  1957) 

Sk|  has  an  advantage  over  SkQ  since  the  former  covers  90  per  cent  of  the  curve 
while  the  latter  considers  only  the  central  68  per  cent  of  the  curve.  Thus,  Skj  is  more 
sensitive. 


The  skewness  values  obtained  by  the  above  formulae  are  pure  numbers  and  are 
usually  recorded  with  a  plus  or  a  minus  sign.  Symmetrical  curves  have  SkQ  or  Skj  equal 
to  zero.  Sediments  having  excess  fine  material  will  have  positive  skewness  and  those 
with  excess  coarse  material  show  negative  skewness. 

The  following  limits  are  suggested  by  Folk  (1961): 

Sk|  =  +  1  .00  to  +  .30  strongly  fine-skewed 
=  +  .30  to  +  .  10  fine-skewed 
=  +  .  10  to  -  .  10  near  symmetrical 
=  -  .  10  to  -  .30  coarse  skewed 
=  -  .30  to  -  1  .00  strongly  coarse-skewed. 

The  absolute  mathematical  limits  of  SkQ  and  Sk|  are  +  1 .00  to  -  1  .00. 

Sk|  is  positive  for  all  samples  examined  (Table  5).  SkQ  is  also  positive 
except  for  samples  H150  and  72.  Most  samples  have  Sk|  values  greater  than  +  .30. 

This  means  that  most  of  the  sandstones  are  strongly  fine-skewed.  Sample  H150  has 
Sk|  =  0.029  which  shows  that  this  sandstone  has  a  'near  symmetrical'  curve. 


A  strongly  fine-skewed  cumulative  curve  coupled  with  a  high  kurtosis  value 
(see  p.  19)  is  suggestive  of  bimodality  in  the  sediment  (Folk  and  Ward,  1957;  Spencer, 
1963).  The  histograms  of  most  samples  (see  Appendix)  indicate  bimodality  to  some 
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extent.  Some  cumulative  curves  also  indicate  bimodallty,  but,  in  most  cases,  it  Is 
probably  hidden  In  the  gentle  curvature  of  the  plot. 

Measure  of  Kurtosis;  In  order  to  compare  the  sorting  in  the  central  portion  to 
that  in  the  'tails'  of  the  curve  the  kurtosis  measure  is  used.  The  formula  employed  is  that 
of  graphic  kurtosis.  Kg  (Folk  and  Ward,  1957)  which  is  given  as: 

Kg  =  {095  -  05)/2A4{075  -  025) 

For  normal  curves.  Kg  =  1  .00.  If  the  central  portion  is  better  sorted  than  tails,  the 
curve  is  said  to  be  leptokurtic,  and  platykurtic  in  the  opposite  case.  The  following 
limits  have  been  suggested  by  Folk  (1961): 

Kg  under  0.67,  very  platykurtic 

0.67  ”  0.90,  platykurtic 
0.90-1.11,  mesokurtic 
1.11  -  1.50,  leptokurtic 
1.50  -  3.00,  very  leptokurtic 
over  3.00,  extremely  leptokurtic. 

The  absolute  mathematical  limits  of  this  measure  are  from  0.41  to  infinity. 

In  the  samples  studied,  all  (except  sample  HI 8  where  Kg  =  1 .47)  have  Kg  values 
over  1  .50.  Many  samples  have  Kg  values  greater  than  3.00,  and  in  sample  HI 33  it  is 
over  8.  This  shows  that  the  sandstones  are  very  leptokurtic  to  extremely  leptokurtic,  and 
accordingly,  the  sorting  in  the  'tails'  is  relatively  poorer.  As  suggested  earlier  (p.  18), 
the  fine-skewed  sediments  have  two  modes,  and  near  the  finer  mode  sorting  is  poorer  than 
near  the  coarser. 

Scatter  Plot  of  Size  Parameters 

Mean  size,  standard  deviation  (sorting),  skewness  and  kurtosis  are  plotted 
against  each  other  in  turn  as  scatter  diagram  (p.  20).  The  plots  show  no  obvious  relation¬ 
ships  between  the  parameters;  for  example,  any  decrease  or  increase  in  mean  size  does  not 
correlate  with  corresponding  changes  in  sorting,  etc.  However,  it  is  noted  that  the  plots 
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fall  In  the  same  quadrant  of  the  graph.  This  might  suggest  that  the  depositlonal 
environment  of  the  entire  section  was  virtually  the  same,  and  that  the  changes  In  the 
magnitude  of  the  size  parometers  are  more  or  less  a  reflection  of  the  proportions  of  two 
modal  sizes  of  sediments  supplied  and  of  minor  shifting  of  the  shoreline  of  the  inland  sea. 

T extural  Maturity 

The  maturity  of  a  sediment  may  be  defined  In  textural  terms  as  well  as  composi¬ 
tional  terms  (Petti joh,  1957,  p.  522).  Folk  (1951)  defined  textural  maturity  as  a  measure 
of  the  stability  of  the  deposition  site  and  input  of  modifying  energy.  He  recognized  four 
stages: 

(1)  Immature:-  Sediment  contains  more  than  5  per  cent  clay 

(2)  Submature:-  Clay  content  Is  less  than  5  per  cent;  size  range  encompasses 

more  than  1  0  unit  between  the  16th  and  84th  percentile  of  total 
grain  size  distribution. 

(3)  Mature:-  Clay  content  Is  less  than  5  per  cent  and  size  range  is  less  than 

1  0  unit  between  the  16th  and  84th  percentile  of  the  total  grain 
size  distribution. 

(4)  Supermature:-  Clay  content  is  less  than  5  per  cent;  size  range  Is  less  than 

1  0  unit  between  the  16th  and  84th  percentile;  roundness  of  quartz 
grains  exceeds  0.35. 

No  time  sequence  is  intended  In  the  textural  maturity  scale  because  rapid 
changes  In  sorting  govern  textural  maturity.  The  complete  range  Is  known  to  occur 
under  rapidly  changing  conditions  In  modern  environments  (Folk,  1956).  However,  the 
last  stage  suggests  prolonged  transport  and  characterizes  mineralogical ly  mature  sands 
such  as  certain  beach  sands. 

The  sandstones  under  study  fall  In  the  Immature  and  submature  stages  of  the  above 
scale  (Table  3) . 
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Grain  Size  Nomenclature 

Clastic  sedimentary  rocks  are  known  to  have  extreme  variation  in  composition 
and  in  grain  size.  A  separate  grain  size  description  independent  of  mineral  composition 
is  always  helpful  in  the  study  of  sedimentation.  The  writer  has  adopted  Folk's  (1954) 
scheme  for  textural  classification  of  the  Dunvegan  samples  (Figure  5).  Most  samples 
according  to  this  nomenclature  are  silty  sandstones.  However,  a  few  of  them  also  fall 
in  the  'sandstone'  and  'muddy  sandstone'  groups. 
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Figure  5.  Grain  Size  Nomenclature  of  Sandstones 
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Table  2 


Data*  from  Cumulative  Curves  of  Dunvegan  Sandstones 


* 


Values  are  given  in  0 
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Table  3 


Clay  Percentage^  Sorting  (^  )  and  Textural  Maturity 


Sample 

number 

Percentage 
of  Clay 

Sorting 

(^i) 

Textural 

Maturity 

H6 

1.02 

0.734 

Sub  mature 

H18 

3.06 

1.840 

II  It 

H30 

4.44 

1.344 

II  II 

H48 

4.93 

1.442 

II  II 

H58 

4.05 

1.347 

II  II 

H88 

4.49 

1.156 

II  II 

HI  33 

3.73 

1.159 

11  II 

H150 

4.30 

1.88 

11  II 

12 

5.02 

1.637 

Immature 

37 

5.17 

1.636 

It 

39 

6.98 

1.901 

It 

66 

5.15 

1.546 

II 

72 

11.74 

2.817 

II 

86 

3.75 

0.717 

Sub  mature 

96 

3.12 

0.684 

II  II 

117 

5.27 

1.418 

Immature 

144 

5.40 

1.272 

II 

156 

3.01 

0.503 

Sub  mature 

169 

3.84 

1.165 

II  It 

183 

6.68 

1.540 

Immature 

188 

5.12 

1.346 

II 

232 

3.54 

1.088 

Sub  mature 

237 

4.11 
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11  II 
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Table  4 


Statistical  Parameters  of  Average  Size  and  Sorting 


Average  Size  * 

Sorting 

°™P'’’'=Mean{Mz) 

So 

°G 

°i 

1.55 

1.650 

1.170 

0.500 

0.734 

2.35 

2.440 

1.563 

1.560 

1.840 

2.40 

2.640 

1.169 

0.740 

1.344 

3.37 

3.50 

1.130 

0.885 

1.442 

3.10 

3.33 

1.107 

0.755 

1.347 

3.33 

3.49 

1.086 

0.525 

1.156 

3.02 

3.20 

1.049 

0.500 

1.159 

2.95 

2.73 

1.266 

1.505 

1.880 

3.100 

3.150 

1.135 

0.775 

1.637 

3.200 

3.210 

1.178 

0.925 

1.636 

2.900 

3.110 

1.183 

0.925 

1.901 

3.350 

3.480 

1.173 

0.850 

1.546 

2.900 

2.850 

1.720 

2.075 

2.817 

3.30 

3.410 

1.054 

0.375 

0.717 

2.80 

2.870 

1.111 

0.490 

0.684 

3.20 

3.320 

1.133 

0.715 

1.418 

3.13 

3.320 

1.079 

0.575 

1.272 

2.87 

2.870 

1.035 

0.220 

0.503 

2.35 

2.58 

1.206 

0.755 

1.165 

2.88 

3.20 

1.215 

0.990 

1.540 

2.90 

3.20 

1.165 

0.890 

1.346 

2.42 

2.71 

1.202 

0.390 

1.088 

2.50 

3.14 

1 .217 

1.435 

1.611 

2.35 

3.56 

1.168 

1.125 

1.698 

given  in  0 
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Table  5 


Statistical  Parameters  of  Skewness  and  Kurtosis 


Sample 

number 

Skewn 

ess* 

Kurtosis 

Skc 

Sk| 

H6 

0.300 

0.422 

2.622 

H18 

0,089 

0.244 

1.471 

H30 

0.486 

0.613 

3.378 

H48 

0.220 

0.311 

3.182 

H58 

0.456 

0.493 

3.974 

H88 

0.466 

0.507 

4.242 

HI  33 

0.560 

0.526 

8.196 

H150 

-0.215 

+0.029 

2.351 

12 

0.096 

0.263 

4.226 

37 

0.027 

0.197 

3.024 

39 

0.351 

0.475 

3.893 

66 

0.235 

0.313 

3.567 

72 

-0.036 

+0.256 

1.888 

86 

0.466 

0.504 

2.049 

96 

0.224 

0.370 

1.980 

117 
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0.386 

3.456 

144 

0.513 

0.582 

5.327 

156 

0.045 

0.341 

5.327 

169 

0.470 

0.629 

2.267 
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0.484 

0.628 

2.396 

188 

0.516 

0.615 

2.566 

232 

0.494 

0.608 

2.572 

237 

0.672 

0.717 

2.325 

244 

0.288 

0.379 

2.794 

*  All  positive  values  unless  otherwise  indicated 
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CHAPTER  FOUR 

COMPOSITION 
Heavy  Minerals 

Separation 

Heavy  minerals  are  defined  operationally  as  those  with  a  specific  gravity 
greater  than  2.85,  the  approximate  specific  gravity  of  the  liquids  used  to  separate 
them  from  lighter  quartz,  feldspar,  or  calcite.  In  the  present  study,  the  liquid  used 
to  separate  the  'heavy  minerals'  was  tetrabromoethane  (CHBr^.CHBr^)  having  a 
specific  gravity  of  2.9. 

The  sieve  fractions  from  0.25  to  0.0625  mm.,  obtained  during  the  size 
analysis  were  utilized  for  the  separation  of  heavy  minerals.  To  remove  argillaceous 
coatings  the  sieve  fractions  were  mixed  into  one  sample  and  allowed  to  stand  in  water 
for  about  an  hour.  They  were  then  treated  with  an  electric  mixer  for  about  5  minutes 
and  decanted  until  the  clay  was  washed  out.  The  grains  were  dried  in  an  oven  at 
110°C  temperature  and  placed  in  a  standard  separating  funnel  containing  tetra¬ 
bromoethane  for  separation.  The  separated  heavy  minerals  were  washed  with  acetone 
and  weighed. 

Method  of  Study 

The  heavy  mineral  grains  were  mounted  in  aroclor  (refractive  index  =  1  .67) 
on  a  1  mm.  graticule  slide.  They  can  be  divided  into  two  groups:  (a)  opaques  and 
(b)  non-opaques.  About  200  non-opaque  grains  from  each  slide  were  identified;  a 
count  was  kept  of  the  opaque  grains  that  were  encountered,  but  no  attempt  to 
identify  them  was  made,  as  they  probably  have  little  genetic  significance  (Mellon, 
1956,  p.  31).  Micas  were  also  excluded  from  the  count. 


JKJOl 


MomacwMOD 


.  ■ .  > 


ftoitoioqea 


ytivoig  3!)l3»q2  d  ritiw  92or^1  lo  ytto^ifmoqo  bsnildb  eio  2toT«nim  yvosH 
etoioqtif  ol  b««u  eblupn  eHl  ylivoig  oi^bsqi!  »tomiKO«qqo  srH  ,d8.S  noHt  ioIo^iq 
baiu  biupil  arit  ^ybulz  Inataiq  aHl  ni  .aftoto^  to  »Toqibla)  ^xtioup  lotHQil  moi^  moHl 
o  gnivof^  snoH^vomoTcloilat  iow  ‘ilo^anim  yvoaH'  afb  alOToqai  oi 

,9.S  }o  YtJvoTQ  aHioaqa 

asi2  aril  gnitub  barrloklo  « .mm  dSldO.O  ol  ^£.0  moi^  «ooI1ootI  aval*  aril 
2uoa3olli8To  ovomai  oT  .elotaotm  yvoarl  1o  nolloioqat  arb  to)  baxllltu  aTaw  ett^iono 
latow  nl  brioti  ot  bawolio  boo  alqmD2  ano  dni  baxim  a  taw  irroilooi)  avail  arit  ignltooo 
ea^unim  S  lucdo  to)  laxim  siTtoaio  no  rlliw  baloaii  narb  aiaw  \(aHT  .luorl  no  luodo  to) 
lo  navo  no  ni  baiib  aiaw  enioig  arlT  ,1oo  barkow  low  yolo  arb  Mino  balnODeb  bno 
-OTtal  gninlolnoo  lannu)  Qnitoicqas  bTtsbnoft  o  oi  baaotq  bno  aii/ioTaqmai  D®0f  I 
anoiaao  ritiw  barkow  aiaw  itoranim  yvoari  baloiixiai  arlT  .rioHoioqoi  to)  arrorltaomoxi 

.baHglaw  boo 


j' 


ybui2  )o  boHteM 

(£6. 1  =>  xabni  aY»1oDT)aT)  toIooto  ni  batmxrm  aTaw  xnloig  loranlm  yvoarl  aifT 

bno  laopnqo  (o)  r^uoip  owi  otnl  boblvib  ad  ooo  yarlT  .abili  aluoiloig  ,mm  f  o  no 
o  ;bai)i1rTabi  otow  abifi  rlooa  mo"*)  inioig  aupocfo*noo  00£  tuodA  .laupoqo-non  (d) 
ot  tqmatto  on  tud  ,bdietnuoond  ataw  torit  znioig  aupoqo  arb  )o  tqa>l  low  inuoo 
,noHaM)  aonooDingii  oitanag  alttil  evofl  '^ld»xk>iq  yodt  «o  «abom  eow  marll  y)ltnabj. 

,tnuo3  aril  mot)  babuloxa  oilo  aiaw  aoolM  ,(fC  ,q  ,6d9l 


29 


Fifteen  non-opaque  mineral  species  were  identified.  The  most  common 
minerals  are:  garnet,  apatite,  zircon  and  tourmaline.  Staurolite  is  fairly  common 
but  not  present  in  all  slides.  Pyroxenes  and  amphiboles  (except  glaucophane)  are 
absent  from  the  suites.  The  percentages  of  identified  'heavies'  are  shown  in  table  6. 

Descriptions  of  Heavy  Minerals 

Apatite 

This  mineral  is  abundant.  In  general,  the  percentage  varies  from  20  to  40, 
ranging  from  12  per  cent  to  as  much  as  50  per  cent  of  the  non-opaque  suite. 

The  grains  are  subangular  to  rounded,  slender  prisms  to  stubby  anhedra,  and 
colorless.  Inclusions  are  generally  present.  They  are  globular  to  dusty  and  show,  not 
infrequently,  a  distribution  parallel  to  the  c-axis. 

The  relative  persistence  charts  of  Smithson  (1941)  and  Petti john  (1957) 
show  apatite  as  a  stable  mineral.  However,  from  his  experimental  studies  on  a  group 
of  minerals,  Thiel  (1940)  concluded  that  apatite  is  least  resistant  to  abrasion  and 
also  the  most  soluble  in  the  group.  The  mineral  seems  to  be  very  sensitive  to  the 
chemistry  of  the  environment;  it  is  stable  under  alkaline  conditions,  whereas  in 
acid  solutions  it  is  relatively  soluble.  Apatite  could  lose  its  angularity  during  a 
relatively  short  distance  of  transport.  Much  of  the  subangular  apatite  may  be  of 
first  cycle  origin  (probably  igneous),  whereas  the  more  rounded  grains  may  be  derived 
from  pre-existing  sedimentary  rocks.  However,  in  the  latter  event,  the  mineral 
would  require  persistence  through  two  periods  of  weathering.  Such  a  situation  would 
imply  relatively  rapid  erosion  as  apatite  is  easily  decomposed  in  weathered  rocks 
(  Smithson,  1941).  An  alternative  to  this  is  that  the  source  areas  had  limited  amounts 
of  the  humus  materials  which  account  for  most  of  the  acidity  of  soil  waters  (Lerbekmo, 
1962). 
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Chloritoid 

This  mineral  is  rare  in  all  samples  except  in  the  upper  two  (232  and  244) 
where  it  is  more  abundant  than  any  other  heavy  detrital  mineral. 

Chloritoid  occurs  as  greenish-blue,  very  weak  to  non-pleochroic  flakes 
full  of  tiny,  oval  or  rounded,  black,  opaque  inclusions  which  are  sometimes  so 
abundant  that  the  mineral  is  nearly  opaque.  The  mineral  can  be  confused  with 
certain  varieties  of  chlorite,  except  that  the  refractive  index  of  chloritoid  is 
much  higher.  The  grains  always  show  some  signs  of  rounding;  most  commonly  they 
are  classed  as  subrounded.  Chloritoid  is  known  to  have  its  source  in  low  to  medium 
rank  metamorphic  rocks. 

Garnet 

Garnet  is  one  of  the  most  abundant  heavy  minerals  in  the  Dunvegan  sand¬ 
stones.  The  only  other  heavy  mineral  that  compares  with  it  in  abundance  is  apatite. 

It  occurs  in  three  color  varieties:  (i)  brown,  (ii)  pink  and  (iii)  colorless. 
Intermediate  colors  between  brown  and  pink  are  difficult  to  categorize,  and  there¬ 
fore  are  included  with  colorless  garnets.  The  brown  garnets  are  predominant. 

Euhedral  garnet  grains  are  fairly  common;  they  show  dodecahedral  crystal 
faces,  usually  with  six-sided  outlines.  Subconchoidal  to  conchoidal  fracturing  is 
very  common,  especially  in  anhedral  grains.  The  grains  seem  to  be  mainly  equi- 
dimensional,  and  most  of  them  fall  between  0. 1  mm  to  0. 15  mm  in  size.  The  grains 
are  usually  angular  to  subangular  and  occasionally  subrounded.  From  their  angularity, 
the  majority  of  the  garnets  appear  to  be  first  cycle. 

Inclusions  are  present  in  all  three  types  of  garnet;  they  are  globular  to 
dusty,  often  opaque,  and  vary  in  abundance. 

Effects  of  corrosion  are  occasionally  observed  on  the  surfaces  of  garnet 
grains.  However,  instances  of  truly  etched  grains  with  'micro-scaly'  appearance 


oe 


5*^ 


A  :  s 


bioiiioMO 

bno  S£S)  owl  i9C|9u  •«h  f»i  Iqsoxd  wlqmoe  tio  ni  aion  ji  lojonim  tlrff  "  « 

m 

.lo'w^nifR  ioliii^b  yvtJdH  iqm41o  ^od  noHf  f^obnudo  •TCfn  tl  t?  otsHw 
29^0^  Dfoirlaoelq-non  o1  dnew  \i9V  ^suld^dsiroeig  mj  aigaoo  bioli’ioMD  ^ 

X 

Of  esmilemoi  ©to  Hoidw  zoouotoni  aypoqo  ^babnuoi  x>  lovo  ^ynlt  llul 

D 

flllw  b92i/)noo  od  noo  ImaAirn  adT  .dupoqo  \l709n  t|  Itnanim  »Ht  "todt  tm^nudo 
<{  biolix>iHa  xobni  avilooi^si  adl  iorH  tqa^xa  lo  toitenov  niotioD 

^(9dt  yinommoo  ttom  ^ghibnuon  cfiQiz  amoe  wofU  ayowlo  <nloiQ  arlT  .lodgfrt  Houm 
muibom  o1  wol  nJ  aoiuos  eli  avoH  ot  nwon>l  i\  biotlnclfO  .bobnuotdut  to  baetoio  910 

.t^30i  oiriqioniotsm  sinoi 

tomoO 


-bno8  nD^avnuQ  gdt  n1  tloianiin  yvoorl  Irtobnt'do  Itom  oHt  900  ti  lamoO 
.siHoqo  ti  aonobnudo  nl  il  Hiiw  teioqmoo  todi  lonanitm  yvooH  toHio  ylno  9ffT  .esnott 
.229i‘K>io3  (iii)  bnn  jlniq  (li)  ^nwoid  (i)  rsoilanov  10^03  aaidt  ni  tiu330  11 
-9t9rll  bno  ^axhogatoo  of  tloonKb  »it>  ^niq  bno  nwod  noowtad  tiolco  •loibamietni 
.tnonlrfiobaiq  9id  etamog  /iwoid  arTT  .ttaniog  ttahoioo  dtiw  bobul^nl  910  9io^ 
loUyiD  Ioib9rlD364>ob  wodt  ysrll  ^nowmoo  ylilo^  910  tnio*»g  t^mog  loibarluS 
21  gniiutoDil  lobio<bno3  ot  lobiodonoodu^  .taolituo  babit-xU  Hliw  ylioutu  ^2900) 
-iupa  yirtiom  ad  oi  maoe  zoioig  odT  .tnloTg  lo>b»Hno  ni  ytlo439q«9  ^nomrr»03  yi9v 
tnioig  sdT  .asit  ni  mm  £f  .0  o1  mm  f  .0  naawiad  \io\  modi  ^  i*om  boo  Jonoianomib 

D 

^ytiiolugno  liodt  moi^  ^bsbnuoidu?  ytlorioitoooo  bno  lolugniadut  ot  loiugno  yilouau  oio 

.flloyo  "bni^  dd  o1  Tooqqp  alomog  9fl1  ylliojorn  9f|t 

ol  loludolg  oiD  yedt  itamog  I0  isqyt  oovfl  Ho  nl  tnownq  ofo  tnoltuloni 

-  ■-*  «.»■ 

.oonobnodo  nl  yiov  bno  ,9upoqo  nol^o  ^yttub 

•  ^ 
■i 

lamog  lo  29ddV«U2  orit  no  b9V"i92do  yllonoi 20330  910  noitoiioo  rtaoTl3 
93nDi09qqo  ’yloDe-oiDim'  dliw  tniotg  bod^td  ylml  lo  203noltni  ^lovowoH  .tnioig 


31 


are  rare.  A  few  grains  have  been  corroded  to  form  a  "skeleton  crystal"  (Smithson, 
1941,  p.  100)  with  a  rhombic  dodecahedral  structure.  Such  features  are  probably 
due  to  lack  of  stability  of  garnet  in  alkaline  intrastratal  solutions. 

Glaucophane 

This  is  the  only  amphibole  observed,  being  present  in  a  few  slides  (Table  6). 
It  has  a  short  stumpy  habit  and  is  present  only  In  trace  quantities.  It  Is  usually  sub- 
angular  to  subrounded  with  fairly  distinct  (110)  cleavage. 

Sphene 

This  mineral  forms  up  to  3  per  cent  of  the  non-opaque  grains  in  some 
samples.  It  usually  has  a  pale  yellowish-brown  color  with  very  weak  pleochroism; 
the  grains  commonly  show  lack  of  extinction.  Sphene  generally  occurs  as  subangular, 
subhedral  to  euhedral  grains. 

Staurol  ite 

Staurolite  is  found  to  be  present  In  most  slides  but  the  highest  percentage 
recorded  is  four;  in  some  samples  it  was  not  observed  at  all.  Many  grains  show 
saw  tooth  solution  terminations  and  often  have  quartz  inclusions. 

Tourmal  Ine 

Tourmaline  is  present  in  all  the  samples  but  is  not  a  dominant  mineral, 
the  quantity  varying  from  less  than  1  to  13  per  cent. 

Various  varieties  of  colored  tourmaline  were  grouped  into  three  varieties: 
brown,  green,  and  yellow.  These  three  varieties  are  present  In  most  samples  although 
pink  and  blue  varieties  were  also  observed.  In  three  samples,  the  three  varieties  have 
been  compared  on  a  graph  (figure  6),  from  which  It  can  be  seen  that  the  brown  variety 
is  most  prevalent. 
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Tourmaline  is  found  as  subangular  to  well-rounded  grains  but  most  commonly 
is  subangular  and  subrounded.  It  is  very  often  prismatic  but  stubby  grains  are  equally 
common.  Inclusions,  which  normally  are  present,  are  globular  and  dusty,  commonly 
opaque,  and  vary  in  abundance.  Some  grains  are  so  full  of  opaque  inclusions  that 
the  identity  of  the  grain  is  nearly  obscured.  In  general,  it  can  be  said  that  brown 
grains  are  more  prone  to  inclusions. 

The  occurrence  and  significance  of  tourmaline  as  a  detrital  mineral  has  been 
discussed  by  Krynine  (1946),  who  outlined  five  main  sources  of  sedimentary  tourmaline: 

(1)  Granitic  tourmaline; 

(2)  Pegmatitic  tourmal  ine; 

(3)  Tourmaline  from  metamorphic  rocks; 

(4)  Sedimentary  authigenic  tourmaline,  occurring  as  colorless  overgrowths 
on  detrital  tourmaline  grains; 

(5)  Reworked  tourmaline  from  older  sediments. 

The  first  four  sources  include  the  various  varieties  of  primary  tourmaline  which 
upon  the  erosion  of  the  parent  rock  appear  in  sediments  as  first-cycle  detrital  grains. 
Whereas  authigenic  tourmaline  is  usually  easily  recognized,  granitic,  pegmatitic  and 
metamorphic  tourmaline  must  be  differentiated  on  the  basis  of  color  and  inclusions 
(Krynine,  1940,  1946).  Reworked  tourmaline  is  derived  from  the  erosion  of  pre¬ 
existing  sedimentary  rocks,  and  must  be  differentiated  from  igneous  or  metamorphic 
varieties  on  the  basis  of  grain  morphology. 

Although  just  how  well  rounded  a  tourmaline  grain  must  be  to  justify  calling 
it  second-cycle  is  a  matter  of  debate,  examination  of  the  Dunvegan  samples  indicates 
that  at  least  10  per  cent  of  the  tourmaline  grains  are  sufficiently  well  rounded  to  be 
classified  as  second-cycle.  But,  if  the  morphology  of  apatite  is  any  indication  to 
relatively  brief  transport,  much  more  than  10  per  cent  of  tourmaline  might  have  been 
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derived  from  pre-existing  sedimentary  rocks  in  view  of  its  stability  and  chemically 
inert  character.  The  remaining  90  per  cent  of  the  grains,  which  vary  from  small 
idiomorphic  crystals  or  angular  fragments  of  larger  crystals  to  subangular  or  sub¬ 
rounded  grains,  might  be  taken  as  first-cycle,  contributed  by  some  igneous  and 
metamorphic  sources  which  supplied  other  first-cycle  minerals  in  the  suite. 

According  to  Krynine  (1946)  the  color  varieties  observed  suggest  the  following 
possible  sources:  (a)  brown  and  green  -  plutonic  bedrock,  (b)  yellow  -  injected 
terrane,  and  (c)  pink  and  blue  -  pegmatites. 

Zircon 

The  zircons  are  divided  into  two  types  based  on  their  texture:  (1)  sub- 
angular  to  angular  or  euhedral,  and  (2)  subrounded  to  well  rounded  or  subhedral  to 
anhedral.  The  first  type  is  usually  colorless,  mostly  prismatic,  with  numerous 
inclusions  and  often  finely  zoned.  Some  of  the  prismatic  zircons  show  pale  yellow 
colour.  Many  of  the  well-rounded  zircons  have  a  distinctive  pale  pink  to  purple 
color  and  are  referred  to  as  rounded  "hyacinth"  zircons.  The  first  type  may  be  the 
product  of  the  first  cycle  of  erosion,  whereas  most  zircons  of  the  second  type  probaboy 
have  undergone  several  cycles  of  erosion. 

The  crystals  of  most  euhedral  zircons  have  bipyramidal  terminations:  (111), 
(331),  etc.  Some  euhedrons  have  pyramidal  termination  at  one  end  only,  the  other 
end  being  a  slightly  rounded  fracture.  The  maximum  length  of  a  bipyramidal  zircon 
(sample  H6)  recorded  is  0.4  mm  with  a  breadth  of  0.06  mm.  Euhedral  zircons  with 
length-breadth  ratios  of  about  1.5  and  dipyramidal  terminations  are  also  present. 

Rare  instances  of  twinned  zircons  were  also  observed. 

Zoning  in  the  zircons  is  fairly  common.  In  euhedral  cyrstals  it  ranges 
from  single  overgrowths  over  euhedra  to  several  thin  parallel  zones  enclosing  an 
unzoned  central  area.  Euhedral  overgrowths  on  rounded  and  etched  zircon  grains 
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was  recorded  in  a  few  cases.  Poldervaart  (1956,  p.  546-548)  in  a  review  of  crystal¬ 
lization  of  zircon  in  granite  magma  noted  that  morphological  uniformity  of  zircons 
(i.e.,  uniformity  in  crystal  habit  and  elongation)  in  a  single  igneous  body  is  the 
most  convincing  evidence  for  early  crystallization  of  zircon.  Also,  the  predominance 
of  euhedra  and  the  occurrence  of  zircon  as  inclusions  in  early  as  well  as  late  con¬ 
stituent  minerals  suggest  that  zircon  begins  to  crystallize  early  in  the  history  of  a 
magma.  However,  crystallization  probably  takes  place  in  several  stages,  as  shown 
by  zoned  zircons,  overgrowths  over  euhedra,  and  corroded  grains.  The  coexistence  of 
corroded  and  sharply  euhedral  crystals  may  be  explained  by  fluctuations  in  temperature 
of  the  magma  (Spotts,  1962).  Some  of  the  rounded  grains  represent  early  formed  grains 
that  were  partially  reabsorbed  when  the  temperature  of  the  magma  was  increased,  and 
the  euhedral  ones  were  formed  during  subsequent  cooling. 

Inclusions  are  of  different  shapes  and  sizes;  most  common  are  rod-shaped  and 
globular  ones.  Many  colorless  zircons  carry  abudant  inclusions.  A  few  euhedral 
zircons  possess  only  one  rod-shaped  apatite  (?)  inclusion  parallel  to  the  c-axis  and 
covering  the  entire  length  of  the  prism.  In  many  instances  the  inclusions  are  aligned 
parallel  to  the  length  of  the  crystal,  but  just  as  frequently  there  is  no  particular 
orientation.  Black  opaque  mineral  inclusions  of  unknown  identity  are  also  present. 

Outgrowths  on  zircons  were  observed  in  a  few  cases  (see  pi.  2  ). 

According  to  Poldervaart  and  Eckelmann  (1955),  an  outgrowth  is  a  protruberance  of 
variable  size  which  forms  on  the  parent  euhedron  in  any  position.  It  is  probably  that 
the  outgrowths  on  zircon  were  formed  in  the  sandstones  subsequently  to  deposition  as 
suggested  by  Butterfield  (1936).  The  composition  of  the  outgrowths  is  not  known,  but, 
as  Smithson  (1941)  suggested,  if  it  is  zircon,  it  is  necessary  to  assume  that  some 
zirconium-bearing  mineral  has  suffered  decomposition  and  that  zircon  has  crystallized 
at  a  temperature  much  lower  than  that  at  which  it  is  normally  formed. 
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The  euhedral  zircons  are  suggestive  of  an  igneous  source.  Spotts  (1962) 
in  his  study  of  Coast  Range  batholiths  concluded  that  the  zircon  in  gabbro  and  in 
mafic  zenoliths  in  the  quartz  diorite  suite  is  predominantly  anhedral  in  contrast  to 
predominantly  euhedral  forms  in  granite  and  quartz  diorite.  He  attributed  this 
difference  to  late  and  early  crystallization  of  the  mineral,  respectively.  The 
rounded  grains  are  probably  indicative  of  reworked  sediments,  though  it  is  realized 
that  rounding  might  also  be  imparted  to  the  grain  by  fluctuation  in  temperature  of  the 
magma.  The  well-rounded  hyacinth  zircons  indicate  several  cycles  of  erosion.  Re¬ 
garding  the  age  of  hyacinth  variety  of  zircon,  Tomita  (1954)  believes  it  to  be  Pre- 
cambrian  or  early  Palaeozoic. 

Others 

Here  are  included  rutile,  brookite,  anatase,  kyanite,  zoisite  and  epidote. 

These  minerals  have  been  observed  in  several  slides  but  only  in  trace  quantities.  Most 
of  these  minerals  always  show  some  degree  of  rounding.  One  or  two  well -formed  pris¬ 
matic  grains  of  rutile  with  pyramidal  terminations  and  reddish-brown  colour  are  present. 

A  few  brookite  grains  were  recorded  in  some  slides  but  their  identification  could 
possibly  be  confused  with  sphene  as  both  commonly  show  lack  of  extinction.  Anatase. 
kyanite,  zoisite  and  epidote  are  extremely  rare  and  occur  in  only  a  few  samples; 
their  numbers  hardly  exceed  one  grain  per  slide. 

M  icaceous  Mi  nerals 

Chlorite,  biotite,  and  occasionally  muscovite,  have  been  encountered  in  most 
samples;  however,  since  their  quantities  are  largely  a  function  of  sorting,  their  per¬ 
centages  have  not  been  included  with  the  other  non-opaque  minerals. 

Opaques 

The  different  types  of  opaque  minerals  were  not  discriminated.  The  total  number 
of  opaque  grains  per  hundred  of  non-opaque  grains  in  each  slide  is  shown  in  table  6. 
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Table  6  Percentages  of  heavy  minerals  in  Dunvegan  sandstones 
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Petrography 

General  Statement 

The  Dunvegan  sandstones  are  light  grey,  generally  medium-grained  and 
friable.  The  sandstones  do  not  show  any  significant  change  on  weathering.  Micro¬ 
scopic  study  was  carried  out  on  15  of  the  24  samples.  The  fine-grained  sandstones 
and  several  closely  spaced  specimens  were  excluded  from  this  study.  The  slides  were 
mounted  on  a  mechanical  stage,  and  each  grain  was  examined  and  recorded.  De¬ 
pending  upon  the  grain  size,  a  slide  would  contain  anything  between  400  to  600 
grains.  The  average  detrital  composition  of  the  sandstones  Is:  quartz,  45  per  cent; 
feldspar,  10  per  cent;  rock  fragments  (chert,  slltstone,  argillite,  etc,),  45  per  cent. 
Detailed  descriptions  of  these  components  are  given  below. 

Quartz 

Quartz  varies  in  quantity  from  about  30  to  53  per  cent  (Table  7).  The 
grains  are  angular  to  subangular  and  fairly  well  sorted.  Two  main  varieties  are 
recognized  based  on  their  morphology  and  general  appearance  under  the  microscope. 
They  are  referred  to  here  as  'common  quartz'  and  'composite  quartz'. 

Common  quartz  occurs  as  single  grains  and  includes  all  quartz  grains  which 
appear  essentially  free  of  any  recrystal  I  Izatlon  effect.  These  grains  are  further 
characterized  by  near  absence  (less  than  5°)  of  undulatory  extinction.  This  limit  was 
chosen  arbitrarily  for  the  sake  of  convenience,  and  no  genetic  relationship  Is 
suggested.  Most  quartz  grains  belonging  to  this  group  have  regular  to  irregular 
boundaries,  and  are  subsequent,  but  a  few  show  straight  edges.  They  usually  have 
a  few  show  straight  edges.  They  usually  have  a  few  Inclusions. 

Generally  speaking,  this  group  includes  most  of  Folk's  (1961)  Igneous  quartz, 
volcanic  quartz  and  part  of  his  vein  quartz.  To  a  large  extent,  this  quartz  probably 
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represents  Igneous  (e.g.,  plutonic,  volcanic,  vein,  etc.)  and  sedimentary  sources. 
Quantitative  study  of  the  various  kinds  has  not  been  undertaken,  though  many  such 
genetically  significant  varieties  are  present. 

The  other  variety  called  "composite"  quartz  Is  chiefly  polygranular.  It  Is 
characterized  by  a  mosaic  of  more  or  less  equidimenslonal  grains  with  or  without  Inter¬ 
quartz  mica  flakes.  Whenever  such  mica  flakes  occur,  the  quartz  grains  are  somewhat 
elongated  with  parallel  edges,  a  feature  characteristic  of  Folk's  (1961)  schistose  quartz. 
However,  such  grains  are  rare.  The  predominant  quartz  type  within  this  variety  Is  one 
which  compares  very  closely  with  Folk's  "recrystal  llzed  metamorphic  quartz". 

This  variety  of  quartz  has  subangular  to  subrounded  outlines  with  2  to  10  sub- 
Indlvlduals  forming  the  grain.  The  extinction  of  the  composite  quartz  Individuals  may 
be  straight  to  undulatory,  and  a  few  single  grains  with  undulatory  extinction  greater 
than  5  degrees  have  also  been  Included  with  this  variety.  The  grains  may  or  may  not 
have  Inclusions,  and  boundaries  may  be  straight  to  crenulated.  The  grains  are, 
however,  devoid  of  any  secondary  authlgenic  growths  and  may  be  considered, 
generally,  as  metaquartzite  fragments.  It  Is  also  possible  that.  In  part,  they 
represent  reworked  grains. 

The  quartz  grains  In  the  Dunvegan  Formation  are  possibly  derived  from  all 
three  major  types  of  source  rocks:  Igneous,  metamorphic  and  sedimentary.  It  Is  always 
difficult  to  determine  the  amount  which  any  source  might  have  contributed,  but  from 
the  presence  of  other  minerals.  It  Is  suggested  that  Igneous  and  sedimentary  rocks  were 
the  main  contributors. 

Feldspar 

The  quantity  of  feldspar  In  the  samples  ranges  from  1  to  18  per  cent  (Table  7) 
and  consists  of  both  potash  feldspar  and  plagloclase. 
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Potash  feldspar:  Potash  feldspar  is  represented  by  orthoclase  and  sanidine.  The  ratio 
between  these  two  mineral  species  varies  considerably  from  sample  to  sample  and  has 
not  been  determined  accurately,  but  probably  averages  about  1  :1  . 

Sanidine  is  usually  very  clear,  occasionally  with  euhedral  to  subhedral  out¬ 
lines.  Orthoclase  is  very  often  cloudy,  generally  along  the  cleavage  planes.  According 
to  rough  estimation,  sanidine  shows  2V  values  up  to  10  degrees,  whereas  orthoclase 
has  2V  values  of  65°  to  70°,  approximately.  Microcline  is  absent  except  in  sample  H6 
where  a  single  grain  was  recorded. 

It  is  not  known  how  much  of  the  orthoclase  is  present  as  adularia.  Feldspars 
are  generally  taken  to  represent  an  igneous  source,  but  some  adularia  may  come  from 
low  grade  metamorphic  rocks.  Sanidine  is  a  high  temperature  potash  feldspar  derived 
from  a  volcanic  source.  The  sanidine  may  have  been  derived  from  a  contemporaneous 
volcanic  source,  or  it  may  have  been  contributed  by  any  pre-existing  rock  of  this 
nature . 

Plagioclase:  Plagioclase  is  present  in  small  quantities  in  most  samples,  but  in  a  few  it 
is  completely  absent.  The  refractive  indices  of  this  mineral  were  measured  by  immersing 
the  mineral  grains  in  various  liquids  of  known  index.  The  indices  obtained  fall  con¬ 
stantly  between  1.536  and  1 ,544  which  indicates  oligoclase  of  composition  close  to 
^*^20^^80*  extinction  angle  observed  in  these  mineral  fragments  (which  consist, 

in  large  part,  of  001  and  010  cleavage  plates)  was  small  (1  degree  to  6  degrees).  This 
plagioclase  was  probably  derived  either  from  a  persilicic  igneous  rock  or  a  metamorphic 
rock.  No  basic  or  ultrabasic  feldspars  were  observed. 

Rock  fragments 

Rock  fragments  include  chert,  volcanic  fragments,  argillaceous  rock  fragments 
and  other  grains  which  appear  basically  to  be  an  aggregate  of  different  mineral  grains. 
They  make  up  from  32  to  58  per  cent  of  the  sandstones  (table  8). 
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Chert:  Chert  constitutes  a  major  part  of  the  rock  fragments.  It  is  present  in  all  the 
samples  but  is  most  abundant  in  the  basal  sandstone  (table  8).  Most  chert  grains 
under  reflected  light  appear  dull  grey  to  dark;  others  are  dark  brown-black  to  com¬ 
pletely  black.  The  colors  are  not  found  to  have  any  specific  relation  to  the  thin 
section  characteristics  described  below. 

Many  different  textural  varieties  of  chert  were  observed.  It  is  not  known 
whether  these  have  any  genetic  significance.  The  following  varieties  have  been 
observed: 

(1)  Grains  having  equidimensional  subindividuals.  In  this  group,  two  types 
can  be  further  recognized:  (a)  subindividuals  with  any  dimension  less 
than  5  microns  and  (b)  those  larger  than  5  microns  but  less  than  20 
microns  is  recognized  as  megaquartz,  whereas  one  of  less  than  20 
microns  is  micro  quartz.  Chert  consists  essentially  of  micro  quartz. 

(2)  Grains  with  non-equidimensional  subindividuals.  This  group  shows 
heterogeneity  in  the  size  of  subindividuals.  Here  are  included: 

(a)  Chert  gra  ins  with  subindividuals  ranging  in  size  from  0  to  20 
microns;  (b)  grains  which  have  a  few  subindividuals  more  than  20 
microns.  When  such  subindividuals  (more  than  20  microns)  dominate, 
the  grain  may  be  called  microquartzite.  However,  no  separate  group 
of  microquartzite  has  been  established  here  as  such  grains  are  rare. 

(c)  Grains  showing  chalcedony  which  is  observed  as  fibrous  bundles. 

Some  chert  grains  containing  chalcedonic  quartz  contain  fossil 
structures.  However,  no  attempt  has  been  made  to  determine  the  nature 
of  these,  because  of  their  very  infrequent  appearance  in  the  slides. 

In  conclusion,  the  order  of  abundance  of  the  above  chert  varieties  is  as  follows 
1(a),  most  abundant;  1(b),  abundant;  2(a),  common;  2(b),  rare;  and  2(c),  very  rare. 
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The  high  percentage  of  chert  strongly  suggests  that  a  sedimentary  source  was  a 
major  contributor  to  sedimentation. 

Volcanic  rock  fragments:  These  constitute  a  minor  percentage  of  the  rocks,  being 
present  in  only  a  few  samples.  However,  in  the  basal  sample  (No.  H6),  they  make 
up  to  4  per  cent  of  the  total  detrital  grains.  These  grains  are  made  up  usually  of  a 
felted  mass  of  tiny  lath-like  feldspar  crystals,  occasionally  with  some  ferromagnesian 
minerals.  In  general,  they  have  a  pale  yellow-brown  color  in  transmitted  light. 

In  some  cases  their  identity  is  confused  with  other  rock  fragments,  especially 
silicified  argillaceous  rock  fragments.  In  such  cases,  the  author  has  tended  not  to 
record  them  as  volcanic. 

Carbonate  rock  fragments:  Sand-size  fragments  of  carbonate  rock  are  absent  from  all 
slides  except  the  upper  two  (Nos.  232  and  244).  Number  232  is  a  medium-grained 
sandstone,  and,  has  over  10  per  cent  of  detrital  carbonate  rock(s)  grains.  Number 
244  is  a  fine-grained  sandstone  and  for  that  reason  was  not  included  in  the  quantitative 
study.  However,  a  rough  estimate  of  content  of  carbonate  rock  fragments  was  found  to 
be  around  four  per  cent. 

Introduction  of  these  carbonate  fragments  suggests  that  carbonate  rocks  were 
suddenly  exposed  or  were  available  in  the  source  area  for  contribution  only  to  the  top 
layers  of  the  Dunvegan  Formation. 

Other  rock  fragments:  Here  are  included  sand-size  fragments  of  siltstone,  argillite 
and  schist.  These  rock  fragments  are  present  in  all  thin  sections  but  were  not  dis¬ 
tinguished  for  many  fragments  of  intermediate  composition  are  also  present. 

Some  argillaceous  rock  fragments  show  silicification  to  varying  degrees.  The 
most  characteristic  types  of  silicification  are:  (a)  microveins  (from  a  few  microns  to 
30  microns  thick)  of  microcrystalline  quartz);  (b)  "porphyroblastic"  quartz  (from  about 
5  microns  to  30  microns  in  size),  usually  rounded  but  commonly  with  irregular  arrange¬ 
ment.  (Where  the  arrangement  is  regular,  which  is  not  infrequent,  the  shaly  fragment 
looks  like  a  cherty  shale). 
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Fragments  showing  schistosity  are  also  common.  In  most  cases  they  appear  to  be 
mica-schists. 

Though  some  of  the  fragments  might  have  been  derived  from  slightly  meta¬ 
morphosed  sediments,  most  grains  are  representative  of  a  sedimentary  source. 

Matrix 

The  interstitial  space  is  occupied  by  clay  minerals  as  matrix.  Its  percentage 
varies  from  5  to  10. 

Cement 

Cement  is  absent  from  all  samples  except  HI 33,  144  and  244  where  it  is 
present  as  a  carbonate.  Number  144  has  about  20  per  cent  cement  while  the  other 
two  show  35  to  40  per  cent. 

No  overgrowths  on  grains  were  observed  in  the  sections  examined. 

Classification  of  Sandstones 

A  classification  of  sediments  may  be  designed  either  to  convey  a  clear 
descriptive  picture  of  the  rock  in  question  or  to  bring  out  its  genetic  relations  to 
other  rocks  (Rodgers,  1950).  The  second  type  of  classification  is  based  on  descriptive 
elements  of  genetic  value,  but  little  agreement  exists  on  the  choice  of  such  elements. 

Klein  (1963),  in  a  review  of  sandstone  classifications,  has  summarized  the 
criteria  on  which  different  authors  base  their  classifications: 

(1)  composition  (denoting  provenance); 

(2)  mineralogical  maturity; 

(3)  textural  maturity; 

(4)  fluidity  factor  (index  of  fluid  viscosity  and  density  measured  by  the 
per  cent  of  clay  matrix); 

(5)  diastrophism; 

(6)  primary  structure. 
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It  is  obvious  that  a  genetic  classification  encompassing  all  possible  effects 
and  their  combinations  must  be  large  and  complicated.  Hence,  the  absence  of  any 
classification  utilizing  all  of  the  above  criteria. 

Mineralogical  composition  of  a  sandstone  has  always  been  assumed  to  be 
most  significant  of  its  source,  and  accordingly,  this  has  been  taken  as  the  basis  of 
sandstone  classification  by  many  workers;  for  example,  Krynine  (1940,  1948)  and 
Pettijohn  (1943,  1949).  Other  criteria  listed  above,  have  been  used  more  or  less 
as  modifiers.  The  general  pattern  followed  in  most  classifications  has  been  to 
recognize  three  detrital  end  members.  However,  the  choice  of  assigning  different 
rock  constituents  to  these  end  members  has  not  attained  uniformity. 

In  order  to  plot  the  counts  of  rock-forming  constituents,  the  writer  has 
followed  the  classification  scheme  of  Travis  (1955).  According  to  this  plan,  most 
samples  are  classified  as  "lithic  sandstone"  while  others  are  "rock  fragment 
sandstone" . 


^IcJic'Joq  llo  got^oq^ftoaod  nolloDilliWoto ofltfodg  o  ^cm^i  auoTvcio  ti  ll 

\nD  ^o  san^ido  ©fit  «©on©H  .betooilqfnoo  bncv  ©qioI  ©d  tjeum  imhonldmod  ii©Hl  bno 

♦ 

,oi'to^U:>  9vodo  »ril  V>  Mo  Q/tlslIflu  noilcoT^itiDlo 
©d  ot  bdinu^ao  neod  «\ow(o  idH  ©nol^bnoa  d  noitlsoqmoo  looleoloiAnlM 

«i«od  ©dt  ^o  rv9>bl  r»©©d  eod  tidi  ^  >(lQnibx)3do  bno  ^93^009  tti  ^  Inoon^ngit  1*cm 
bno  (SK?!  »0^9f)  ©nJfiS(i)l  tolqmox©  io1  ^nom  \d  noi^oD^Hittob  ©noitbnoe 

ewl  X)  ©tom  b9^u  naad  ©vod  ^©vodo  baUfl  oiiatlno  lorllO  ,(9^91  x€^9f)  ndojhleS 
ol  naad  2orl  2nol1o3niz2ob  t*oiTi  ni  bewollo^  motloq  loionog  ©ifT  «n©ntbofn  «o 
lno-»«Hlb  gningieic  }o  ©aiodo  ©Hi  ,i©v©woH  ,2ied,ti©m  bo©  iDtlrtab  »©irb  ©singooei 
.vflirmoVinu  bofMoHo  ton  eod  aiadmni  bn*  ©eedi  ot  rtnoulTlanoo  )Ix>t 
aod  lotiTw  ©fit  x^^’^ulitanob  gnlrnioVsbai  rinuoD  ©rH  totq  ol  i*bK>  nl 
tacm  ^oolq  *Ml  oi  golbioaoA  .(^^91)  afvoiT  b  ©madoc  nolloDnittolo  ©dt  bawollol 

4b. 

ifiomgDrd  >boi''  910  eiadio  ©lidvv  '**lrt01^b^ol  oidlil”  eo  beHltiob  ©io  aoiqmot 

, '^©fiotrbnoa 


rpf^ 

^  m 


■  C*  ’ 


■■'  ■■'■  V'  ■'  •* 


‘it  % 


(/) 

c 

<D 

ZD 


lO 

lO 

0} 

(n 


Uj 


Figure  8 


't.E.rt>3bXfV4  bOCvC  bb'40'H£V\X,S 


46 


Table  7 


Percentages  of  Quartz  and  Feldspar 


Sample 

number 

QUARTZ 

FELDSPAR 

"Common  " 
quartz  (a) 

"Com  posite" 
quartz  (b) 

Total 

quartz  (a+b) 

K-feldspar 

(c) 

Plagtoclase 

(d) 

Total 

feldspar  (c+d) 

H6 

20.0 

19.6 

39.6 

8.5 

1.5 

10.0 

H30 

32.8 

13.6 

46.4 

14.9 

1.9 

16.8 

H58 

46.1 

3.2 

49.3 

12.5 

1.2 

13.7 

H88 

49.6 

0.6 

50.2 

16.2 

1.7 

17.9 

HI  33 

44.2 

5.2 

49.4 

1.3 

0.4 

1.7 

H150 

29.8 

3.4 

33.2 

11.9 

0.8 

12.7 

12 

41 .6 
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45.0 
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9.7 

39 
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6.3 
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4.3 

- 
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Table  8 

Percentage  of  Rock  fragments 


Sample 

number 

Chert 

Volcanic 

fragments 

Fragments 
of  Carbon¬ 
ate  Rock(s) 

Others 
(i. e  silt- 
stones,  argil¬ 
lites,  etc. 

Total 

Rock 

Frag¬ 

ments 

Subindivi- 
duals  equi- 
dimensional 

Subindividuals 
not  equi- 
dimensional 

H6 

20.0 

1.1 

4.0 
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49.1 
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CHAPTER  FIVE 

GEOCHRONOLOGY 


Introduction 

The  fact  that  the  Dunvegan  sandstones  are  generally  feldspathic  and  that 
orthoclase  and  sanidine  together  form  about  10  percent  of  the  total  detrital  grains, 
forms  a  basis  for  further  examination  of  the  source  area  in  the  light  of  dates  yielded 
by  these  minerals.  Two  samples,  namely,  sample  H6  and  188  from  the  lower  and 
upper  parts,  respectively  of  the  Dunvegan  Formation  (Figure  2)  were  selected  for 
K-Ar  dates. 

The  principle  underlying  the  method  of  potass  I  urn -argon  age  determination  Is 

the  assumption  that  In  part,  decays  to  Ar^^  at  a  slow  but  constant  rate.  This 

argon  40,  which  Is  trapped  In  the  crystal  lattice  of  the  minerals,  is  extracted  and 

40  40 

measured.  The  other  decay  product  of  potassium  40  Is  calcium  40.  K  -Co  decay 

40 

Is  not  used  In  age  determination  in  view  of  the  abundance  of  normal  Ca  In  nature 
(Rankama,  1954).  The  other  important  step  in  age  determination  involves  the 
measurement  of  potassium.  Processes  for  measurements  of  argon  and  potassium  have 
been  recently  described  In  detail  by  Peterman  (1962)  and  Shaflqullah  (1963).  A 
summary  of  the  analytical  procedures  and  calculations  followed  Is  given  below. 

Potassium  Determination 

This  was  done  gravimetrical ly  by  the  tetraphenol  boron  precipitation  method. 

The  values  obtained  are  usually  given  in  per  cent  K2O,  which  Is  converted  to  parts 
40 

per  million  of  K  by  a  factor  (1 .0022)  for  the  sake  of  subsequent  calculations.  Thus, 
per  cent  K2O  x  1 .0022  =  parts  per  million  of  K^. 
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Argon  Extraction 

Radiogenic  argon  40  is  extracted  from  feldspars  by  fusing  them  with  a  flux 
(NaOH)  and  by  allowing  the  gas  to  accumulate  in  a  closed  system,  as  described  by 
Goldich  et  al.  (1961,  p,  13-16).  A  known  quality  of  Ar38  (spike)  is  introduced  in 
the  system  to  mix  with  the  released  radiogenic  argon.  The  total  argon  in  the  system 
is  then  allowed  to  pass  through  different  traps  in  the  extraction  train  for  the  purpose  of 
purification.  Finally,  only  argon  enters  the  charcoal  trap  where  it  is  allowed  to 
accumulate.  The  charcoal  trap  is  then  sealed  off  and  detached  from  the  train. 


Isotopic  Measurements  of  Argon 

The  argon  analyses  were  determined  using  a  60°  Nier-type  mass  spectrometer. 

40  38  36 

The  mass  spectrometer  measures  the  relative  abundance  of  Ar  ,  Ar  and  Ar  present 
in  the  gas  sample.  The  argon  determinations  were  done  using  both  the  static  and  dynamic 
techniques.  With  the  former,  only  a  limited  flow  of  argon  is  allowed  at  one  time  into 
the  mass  spectrometer  through  a  molecular  leak.  In  case  of  the  dynamic  technique, 
the  flow  of  gas  is  continuous  and  is  pumped  away  continually.  The  mass  spectrometer 
is  more  sensitive  under  static  vacuum  conditions. 

In  general  practice,  in  order  to  check  on  the  accuracy  of  the  mass  spectro¬ 
meter,  the  isotopic  composition  of  a  sample  of  air  argon  is  determined.  Any  deviation 
from  the  known  composition  of  atmospheric  argon  (referred  to  as  mass  discrimination) 
is  recorded,  and  corrections  for  this  are  applied  in  the  calculations. 

Prior  to  the  introduction  of  the  gas  sample  in  the  mass  spectrometer,  a  residual 
blank  is  determined.  This  is  done  to  account  for  the  amount  of  material  with  masses 
40,  38  and  36  already  present  in  the  mass  spectrometer.  Corrections  for  these  residual 
values  are  made  in  subsequent  calculations. 


Calculations 


between  Ar 


For 
38 


accurate  calculation  of  the  date,  it  is  essential  that  the  correct  ratio 
(from  spike  only)  and  Ar^  (from  mineral  only)  be  determined.  Contribu- 
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fions  of  these  Isotopes  from  other  sources,  os  outlined  below,  must  therefore  be 
deducted: 

Ar"^^  radiogenic  =  Ar^^  total  -  (Ar^  spike  +  Ar^  air  +  Ar^^  residual) 

Ar^^  spike  “  Ar^^  total  -  (Ar^^  Air  +  Ar^^  residual) 

Ar^^  air  =  Ar^^  total  -  (Ar^^  residual  +  Ar^^  Spike) 

The  following  steps  are  taken  for  the  calculation  of  age: 

49  38  36 

(1)  Total  and  residual  values  of  Ar  ,  Ar  ,  and  Ar  are  read  from  the 

strip  chart. 

38 

(2)  Ar  correction  from  the  air  is  ignored  for  it  Is  negligible. 

(3)  From  the  known  composition  of  spike,  Ar^^  spike  and  Ar^  spike  are 
calculated.  For  the  spikes  used  in  this  work. 


Ar 


38 


(in  spike)  =  0.00034 


Ar 
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Ar40 


(in  spike)  =  0.075 


(4)  Ar^^  air  =  Ar^^  air  x  288.5  (for  static  run) 

=  Ar^^  air  x  302.6  (for  dynamic  run) 

Though  the  known  Ar^^/Ar^^  value  for  air  Is  295.5,  the  values  used 
above  are  as  determined  by  the  mass  spectrometer. 

(5)  After  applying  the  above  corrections,  Ar^^/Ar^  ratio  Is  obtained. 

(6)  The  Ar^^/Ar^  ratio  Is  then  corrected  for  mass  discrimination.  In  this 
case  the  mass  discrimination  factor  used  Is  0.988. 

(7)  cc  STF/gm  =  cc  STP  _ 


gms  sample  x  corrected 


(8)  The  volume  of  Ar'^^  is  converted  to  parts  per  million  by  a  factor,  namely 
1.7846  X  10^. 

(9)  The  ratio  of  Ar^^  to  Is  then  calculated  and  substituted  in  the  following 


equation : 


t  =  4.308  X  10^  log  [  1  +  Ar^/K^(9.08)  ]  m.y. 
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Results  and  their  Interpretations 

Dates  obtained  from  the  two  samples  are  tabulated  on  page  58.  The  feld¬ 
spars  in  the  lower  sample  (H6)  give  a  date  of  147  m.y,,  and  those  in  the  upper 
sample  (188)  155  m.y.  (Table  9).  To  check  the  results  of  H6,  the  feldspars  were 
analyzed  again.  The  K2O  content  and  the  date  of  the  feldspars  in  this  second  con¬ 
centrate  were  lower  than  in  the  first.  It  was  also  observed  that  the  sanidine  in  the 
first  concentrate  formed  about  two-thirds  of  the  K-feldspars,  whereas  in  the  second 
concentrate  sanidine  formed  about  60  per  cent  and  orthoclase  40  per  cent.  The  lower 
value  returned  by  the  second  concentrate  is  also  partly  due  to  the  higher  amount  of 
impurities  (mainly  volcanic  fragments)  present.  In  case  of  sample  188  (from  upper 
part  of  the  formation),  sanidine  forms  two  thirds  of  the  K-feldspars. 

It  must  be  recognized  that  the  dates  obtained  are  from  detrital  feldspars 
that  were  probably  derived  from  more  than  one  source.  Nevertheless,  the  dates  con¬ 
tribute  some  information  on  the  source  of  the  sediments.  The  ages  obtained  coincide 
with  Late  Jurassic  orogenies  in  the  Cordillera.  Dates  in  this  range  have  been  reported 
by  Baadsgaard  et  al  (1961)  from  the  Topley  (163  m.y.)  pluton,  and  by  the  Geological 
Survey  of  Canada  (Lowdon,  1960)  from  the  Yukon  complex  (140  and  176  m.y.). 

It  is  significant  to  note  that  the  upper  part  of  the  formation  has  yielded  an 
older  date  (155  m.y.)  and  the  lower  part  a  younger  one  (147  m.y.).  This  inversion 
of  dates  in  the  detrital  feldspars  of  the  Dunvegan  Formation  supports  the  idea  that  the 
detritus  was  contributed  by  continuous  unroofing  of  slowly  rising  Cordilleran  batholiths 
to  the  west. 
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CHAPTER  SIX 
Summary  and  Conclusions 

The  Dunvegan  sandstones  of  the  type  section  at  Dunvegan,  Alberta,  were 
examined  with  respect  to  their  texture,  composition,  and  the  ages  of  the  potash 
feldspars. 

Textural  observations  were  made  by  studying  grain  size  distributions  of  24 
samples  obtained  from  sieving  and  pipette  analyses.  The  sandstones  are  generally 
fine-grained,  and  are  poorly  sorted.  They  contain  an  excess  of  fine  material  which 
Is  relatively  poorly  sorted  compared  with  the  coarse  material  of  the  same  sample. 

The  textural  maturity  of  the  sandstones  Indicates  poor  stability  of  the  depositlonal 
site  and/or  a  low  energy  environment.  On  the  basis  of  ratios  of  sand,  silt  and  clay, 
most  sandstones  are  classed  as  'silty  sandstones'. 

The  sandstones  contain  only  a  few  varieties  of  accessory  'heavy'  minerals  In 
abundance.  However,  these  constituents  give  a  distinctive  Indication  of  the  pro¬ 
venance.  Such  mineral  as  apatite,  euhedral  zircon,  sphene  and  pink  tourmaline 
are  generally  suggestive  of  an  Igneous  source.  Rounded  grains  of  tourmaline, 
hyacinth  zircon  and  rutile  are  Indicative  of  a  sedimentary  source.  Garnet,  chlorltold, 
staurollte,  kyanite,  glaucophane,  and  epidote  Indicate  a  metamorphic  source.  The 
overwhelming  dominance  of  chlorltold  In  the  upper  layers  of  the  formation  Is  very 
conspicuous,  and  suggests  that  the  low  to  medium  rank  metamorphic  rocks  probably 
supplied  much  of  the  detritus  during  this  phase  of  sedimentation. 

Petrographical ly,  the  rock-forming  constituents  are  grouped  under  three  main 
categories:  quartz,  feldspar  and  rock  fragment.  Taking  these  three  as  end  members, 
the  sandstones  are  classed.  In  general,  as  'llthic  sandstones'  on  a  triangular  diagram. 
Detrltal  carbonate  rock  fragments  are  absent  from  all  samples  except  the  two  samples, 
representing  top  layers  of  the  formation. 
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Cement  is  generally  absent.  No  overgrowth  of  grains  is  noted.  Porosity 
as  well  as  matrix,  for  most  samples,  is  around  5  to  10  per  cent. 

Chert,  argillaceous  and  siliceous  fragments,  and  some  of  the  quartz  are 
probably  from  a  pre-existing  sedimentary  source.  Sanidine,  at  least  some  of  the 
orthoclase  and  plagioclase,  and  volcanic  fragments  indicate  an  igneous  source. 
Fragmental  grains  of  schist  and  some  of  the  'composite'  quartz  grains  are  indicative 
of  an  original  metamorphic  source. 

K-Ar  dates  from  feldspar  concentrates  of  two  samples  coincide  with  the 
Upper  Jurassic  orogenies  in  the  Cordillera.  These  two  samples  represent  'lower'  and 
'upper'  part  of  the  formation  with  a  vertical  difference  of  332  feet.  The  sandstone 
from  the  'lower'  part  has  yielded  a  younger  date  (147  m.y.)  compared  to  the  one  from 
upper  part  (155  m.y.).  This  inversion  of  dates  suggests  that  the  Dunvegan  sediments 
were  derived  by  unroofing  of  Cordilleran  batholiths  to  the  west. 


ytliOToS  .balon  if  cnioiQ  ^  H1woiqi#vo  oM  .tnaado  >(llB  .afiaQ  tnamsD 

.in»3  i#q  0(  el  bnuoio  il  ^2«iqmo«  }*om  io^  ^)(hfom  to  Hew  to 

w 

eiD  stioup  eHf  smo^  bno  ^(tnemgoi?  luoeSHii  boo  suoaeolirgio  ^tieHD 
srti  V>  amoe  fioet  to  ^enfbino^  .ediuot  xiotnamfoea  gfiHaixe-eiq  o  mot)  yidodotq 
.estuoa  iuoengi  no  etooibrti  tinamgot)  oinooiov  b%>  9iDi:>otQolq  bno  oeolooHtto 
evStooIbni  ono  anfotg  sitoup  Stl&oqmoo’  sHt  )o  amos  bno  liTrtoa  )p  enlong  iotnemgoi^ 

-  .eotuoe  oldqiomolom  lonlgho  no  )o 

eHl  dliw  ebionioo  zelqmoa  owt  "b  £atoitf>».>noi>  ir>qiblfl^  mot)  zolob  tA->l 
bno  'tewoM  tneaaiqot  telqcnoi  ov/f  easriT  .otelHbtoD  ad!  nl  toinegoto  oiaiotOL  teqqU 
s>x>Ubnoi  erff  .tse)  )o  eonota))tb  lo^itiav  e  r)t?w  noitoimo)  orb  )o  ttoq  'teqqu* 
mot)  eno  eHt  ot  betcqmoo  {.^.m  atob  tagnuoy  o  b&blaly  lofl  ttoq  'tewol*  oHt  mot) 
atnamibse  nogeyfruO  aHi  loHt  itaoQpuz  aatob  )o  nolttfevnl  *iHT  d£f)  ttoq  leqqu 

•  ftew  adt  o1  ef+tiloHtod  notellTbio^  )o  Qni)ootnu  yd  boy?tab  stew 


. 

'i 

■- 1,‘  .  1.*  «i 
.  1, 

» 

-  ■  *  .  ' 

,  •  ■  ',\r^  "■> 

1 

m  *4  ■?■  '  '«e  # 

i  > 

M 

■  -  (  # 

■*.  '•  ■  .;vt 

‘  V 

r 

» ■ 

...  V  .  . ' 

55 


References  Cited 


Baadsgaard,  H. ,  R.E.  Folinsbe  and  J.  Lipson  (1961):  "Potassium-Argon  Dotes  of 
Biotites  from  Cordilleran  Granites";  Geol.  Soc.  Amer.  Bull.,  Vol.  72, 
p.  689-702. 

Beveridge,  A.J,  and  R.E,  Folinsbee  (1956):  Dating  Cordilleran  orogenies;  Trans. 
Roy.  Soc.  Can.,  Sec.  IV,  Vol,  50,  p,  19-43, 

Butterfield,  J.A.  (1936):  Outgrowths  of  zircon;  Geol .  Magazine,  London, 

Vol.  73,  p.  511-516. 

Crickmay,  C.H.  (1944):  Pouce  Coupe-Peace  River,  Alberta  and  British  Columbia; 
Geol.  Surv.  Can,  Prelim,  map  44-31 . 

Dawson,  G.M.  (1881):  On  the  geology  of  the  region  between  the  54th  and  56th 

Parallels  from  the  Pacific  Coast  to  Edmonton,  in  Report  on  the  exploration 
from  Port  Simpson  on  the  Pacific  to  Edmonton  on  the  Saskatchewan  and  the 
Peace  River  Country;  Geol.  Surv.  Can.  Rept.  of  Prog,  for  1879-80,  pt.  B. , 
p.  99-142. 

Folk,  R.L.  (1951):  Stages  of  textural  maturity  in  sedimentary  rocks;  Jour.  Sed. 
Petrology,  Vol.  21,  p.  127-130. 

Folk,  R.L.  (1954):  The  distinction  between  grain  size  and  mineral  composition  in 
sedimentary  rock  nomenclautre;  Jour.  Geology,  Vol.  62,  p.  344-359. 

Folk,  R.L.  (1956):  The  role  of  texture  and  composition  in  sandstone  classification; 
Jour.  Sed.  Petrology,  Vol.  26,  p.  166-171. 

Folk,  R.L.  (1961):  Petrology  of  Sedimentary  Rocks;  Univ.  of  Texas,  Hemphill's, 
Austin,  Texas,  154  pages. 

Folk,  R.L.  and  W.  Ward  (1957):  Brazos  River  bar:  a  study  in  the  significance  of  grain 
size  parameters;  Jour.  Sed.  Petrology,  Vol.  27,  p.  3-26, 

Gleddie,  J.  (1954):  Upper  Cretaceous  in  western  Peace  River  plains,  Alberta;  Ralph 
Leslie  Rutherford  Memorial  Volume,  "Western  Canada  Sedimentary  Basin," 
Am.  Assoc.  Petroleum  Geol.,  Tulsa,  Appendix,  p.  486-509. 

Goldich,  S.S.,  A.O.  Nier,  H.  Baadsgaard,  J.H.  Hoffman  and  H.  W.  Krueger  (1961) 
The  Precambrian  geology  and  geochronology  of  Minnesota;  Minnesota  Geol. 
Survey  Bu  1 1 . ,  Vol .  41 . 

Hage,  C.O.  (1944):  Geology  adjacent  to  the  Alaska  Highway  between  Fort  St.  John 
and  Fort  Nelson,  British  Columbia;  Geol.  Surv.  Can.  Paper  44-30,  22  pages 

Hough,  J.L,  (1940):  Sediments  of  Buzzards  Bay,  Massachusetts;  Jour.  Sed.  Petrology, 
Vol.  10,  p.  19-32. 

Hutton,  C.O.  (1950):  Studies  of  heavy  detrital  minerals;  Bull.  Geol.  Soc.  Amer., 
Vol.  61,  p.  635-707. 


b^tiD  ^ea^»19^95^ 


9 


}o  t®1oQ  nogiA-muiMoio^ ”  noscffJ  .t  brio  a^oilo^  .3»5^  t«H  ^biDogzbooS 

.ioV  ,ioTnA  .sfo^  ,Io90  :'*c9i»ntnO  ncnoilib'K>3  fnoi^  «9^l1ol8  • 

.50^-98^  .q 

.2PcnT  ^ddinogoTo  noiolflbroD  gnHoQ  aodinito^  ,3,5i  bno  fl-^A  ^aghfiovoB  ^ 

,q  .loV  ,VI  ,:mZ  ^.noD  .oo2  .yo^l 

,nob(x>J  .•nJjoooM  . lodO  ^noon's  edtwoiQluO  :(dC9I)  .A, I  ^blsihotluS 

.^rsp-rre  .q  .loV 

;oidmuloO  bno  otiadlA  ^laviJI  ©ODo^-oquoD  o9vo3  :(^^9f)  .H.D  ^yonolohD 

qom  .cuO  ^viu?  *looO 

Hi6£  bno  ®Hi  nsuiwiod  noi^i  9111  3o  ygolooq  eHl  nO  :(r88r)  ,M,0  ^nctwoO 
noiloioiqx9  sHt  no  tioqfili  nl  ,notnomb3  oi  teooD  di^IddS  edt  moil  #l«llmofl 
?iHt  bno,nDW9Ho1a)leo2  s^rH  no  nolnornbS  oi  ai’IIacfl  •Ht  no  no«iml2  fio^  n>oil 
,.fl  .tq  ,08*^K8f  >o^  .aoi®!  fo  .lo»)t«noD  .vtu?  ,lo«0  ;>nlrtuo3  T«v|5i  9009^ 

.S^r-99  .q 

»bo2  ,iuoL  :|jlooi  yio1nafnib92  ni  vtliutom  Imutxol  ^  eiH^t2  ;(f59r)  .J,5^ 

.OCfASr  .q  JS  JoV  ^>(9010119*? 

ni  (loill^oq^p  loienirn  bno  oxia  nioig  nMVirfod  ooJiomlilb  •HT  :('K£9f)  .J.Jl  ^>llo3 
.9<i€-l^t  ,q  JoV  .lool  \«ituobn9rfK)rt  Jooi  Npolnsmibda 

Xnoitooiliaaolo  snolabooi  ni  noiliaoqrooo  bno  anotxol  b  oloi  ®HT  :(6£9f) 

.f\f-66r  ,q  ,dS  JoV  ^ygoloTle^  .bo?  .luol 

^e'HifiqrfioH  >20x9!  b  .vlnU  ;a>loo8  >(io1nofnibo2  V>  i^golotto^  :(fd9f) 

.eegoq  ^21  v*d^oT  ,ni1iuA 

nioig  lo  sonooiMngia  odi  ni  >(buta  o  :iod  lavi^  aosoifi  :(V29f)  bioW  *W  bno  *J,5l  »5llo3 

.6S-C  .q  ,loV  \>(QoloTto‘?  ,898  .ii>oL  ;in«l9mo'ioq  9xit 

y 

flqio?  ;oti9dlA  xaniotq  isviJi  9009*?  rn9ti9vy  nl  auoe3Dt90  T9qqU  :(^29f)  X  ^9ibb9lO 
'*  ,nieofl  >(iD^n9in(iib92  obonoD  m9l«9W"  ^9ffiuloV  loiionioM  bio^9fiiu8  eiiasJ 
.902-68^  i'q  xXibnaqqA  ^oaluT  ^^loaO  rmialoiloS  ,ooe«A  ,mA 

•(f69()  i9e9uvi  ,W,H  bno  nomHoH  MX  xbiODgiboDfl  *H  ,0*A  x,2,2  ^doibloO 

.loaO  Dtoa9r«niM  JoloaannlM  lo  voolonoiHoodQ  bno  ygolosg  noiidmooa'fl  9dT  ' 

^  .f^  JoV  ,.llu8  y9viu2  'ji 

c. 

oHqL  ,i2  iioj  nsewied  yowdgiH  odaolA  adt  ot  tnsoojbo  >^3oio90  :(A^9f)  .O.D  x9QoH 
.aegoq  i9qD*^  .noD  .>no2  .foaO  ^oidmoioO  xrx>al9H  lto3  bno 

vveoloilo^  .bo2  .loot  *x2l1©2uriDDe2oM  ^yofi  ebioxxud  b  alnamifaoE  :(0^9f)  .J  .t  ^dQucH 

,  .S£-9f  .q  xOi  JoV  , 

x.iamA  .do2  .tooO  .Ilu8  ;2loi9nirn  lotii^ab  vvood  b  29tbut2  :(029f)  .0,D  ^notiuH 

A0^~2S6  ;q  xi6  .loV 

•'  '  f 

.  i&siy 


56 


Inman,  D.L.  (1952):  Measures  for  describing  the  size  distribution  of  sedimenfs; 

Jour.  Sed.  Petrology,  Vol.  22,  p.  125-145. 

Kindle,  E.D.  (1944):  Geological  reconnaissance  along  Fort  Nelson,  Liard  and 
Beaver  Rivers,  northeastern  British  Columbia  and  southeastern  Yukon: 

Geol.  Surv.  Can.  Paper  44-16,  19  pages. 

Klein,  G.  deV.  (1963):  Analysis  and  Review  of  Sandstone  Classifications  in  the 
North  American  Geological  Literature,  1940-1960;  Geol.  Soc.  Amer. 

Bull.,  Vol.  74,  p.  555-575. 

Krumbein,  W.C.  (1936):  Application  of  Logarithmic  Moments  to  Size  Frequency 
Distributions  of  Sediments;  Jour.  Sed.  Petrology,  Vol.  6,  p.  35-47. 

Krynine,  P.D.  (1940):  Petrology  and  genesis  of  the  Third  Bradford  Cll  Field; 

Penn.  State  Coll.  Bull.  29,  134  pages. 

Krynine,  P.D.  (1946):  The  tourmaline  group  In  sediments;  Jour.  Geology,  Vol.  54, 
p.  65-87. 

Krynine,  P.D.  (1948):  The  megascopic  study  and  field  classification  of  sedimentary 
rocks;  Jour.  Geology,  Vol.  56,  p.  130-165. 

Lerbekmo,  J.F.  (1962):  Petrology  of  the  Belly  River  Formation,  southern  Alberta 
Foothills;  Sedimentology,  Vol.  2,  p.  54-86. 

Lowdon,  J.A.  (1960):  Age  Determinations  by  the  Geological  Survey  of  Canada, 
Report  1;  Geol.  Surv.  Can.  Paper  60-17. 

McConnell,  R.G.  (1892):  Report  on  a  portion  of  the  District  of  Athabaska  com¬ 
prising  the  country  between  Peace  River  and  Athabaska  River  North  of  Lesser 
Slave  Lake;  Geol.  Surv.  Can.  Ann.  Repts.,  Vol.  V,  Pt.  I,  Pt.  D,  67  pages. 

McLearn,  F.H.  (1919):  Cretaceous,  Lower  Smoky  River,  Alberta;  Geol.  Surv.  Can. 
Sum.  Rept.  1918,  Pt.  C,  p.  1-7. 

McLearn,  F.H.  (1935):  Problems  of  the  Geological  History  of  the  Alberta  Upland 

from  Devonian  Time;  Geol.  Surv.  Can.  Mem.  176,  Chap.  VIII,  p.  112-121. 

McLearn,  F.H.  (1943):  Trends  in  Some  Canadian  Species  of  Inoceramus;  Can.  Field- 
Nat.,  Vol.  57,  p.  36-46. 

McLearn,  F.H.  (1945):  The  Upper  Cretaceous  Dunvegan  Formation  of  northwestern 
Alberta  and  northeastern  British  Columbia;  Geol.  Surv.  Can.  Paper  45-27, 

5  pages. 

McLearn,  F.H.  and  J.F.  Henderson  (1944):  Geology  and  oil  prospects  of  Lone 

Mountain  area,  British  Columbia;  Geol.  Surv.  Can.  Paper  44-2,  8  pages. 

Mellon,  G.B.  (1956):  Geology  of  the  McMurray  Formation;  Res.  Coun.  Alberta 
Rept.  72,  pt.  2,  p.  30-43. 

Peterman,  Z.E.  (1962):  Precambrian  basement  of  Saskatchewan  and  Manitoba; 
Unpublished  Ph.D.  Thesis,  University  of  Alberta. 


rrofludiiliib  io^  JseiutoaM  !(5S9f)  ,J,Q  ^nomnl 

.^i^r-SSr  .c|  ,t$  JoV  .b«2  .luol 

bno  b'^oiJ  ^f^o?ls4^  ^jnclo  a^nM^iDnfX)^®!  loolooioaO  ;(^9f)  *0.3  ,dlbnl)< 
:no?luV  maitDofftuoe  b»iD  ofeimwSoD  HeHlffl  matioaHtion  lovoafl  : 

.2«ecx|9f  laqofl  .noD  .viu2  JoeO 

t 

9HI  ni  «r^riD9e^»wo!D  dnoi«bno?.  I0  w«lv®^l  bnp  titvIonA  ;(£d9f)  .Vab  .O  ^n1®W 
,19mA  .3o2  .loeO  i0^f-(A9f  ,»Tutoi«lU  loo'njolcAdO  nDa?t*rnA  rHioM 

.q  .kV  ^.llufl 

A 

©s.i2  ot  i^namoM  DifwlthoQoJ  iwioDilqc^  :(^C9f)  ,D,W^  ^nl9<ifnu'i^ 
S^'^tC  .q  ^6  .loV  ^xgoloii®^  .ba^  .luol  kt  irwHudnltiQ  /•'  - 

;bi9i3  liO  bw>U«>i6  bilfTT  *fli  k  Rie«n«5  boo  y^ort©^  ;(0^90  .0.*^ 

r  ,  .«99txj  ^€f  ,9S  JM  .floD  ,009*1 

JoV  ^ygoIosO  ,moi.  utnamfba*  ni  quoie  :(b^9f)  .Q,*1  ^•nin>(i>l 


yiol09fnib92  I0  noilooiVi^aok  blail  bno  ybuli  :(8^9f)  ,0,^  ^aninyi^ 

.^f-OeC  .q  .loV  ^y^olosO  .luol 

otiadliA  mdHlwt  ,noitomrio^  idvi^l  ylisfl  yQoloit9*1  :(Sd9f)  .3,1  ^om>i9di®J 

.q  ,loV  ,yeolo1rWm»b92  ^allirHoo^ 

^obonoD  k>  y9vnu2  losigolosO  ©Hi  yd  anoilooimTatsO  9qA  ;{069f)  ,A,L  ,nobwoJ 

'  ,\I-Odi9qo3  .noD  .viu2  .iooO  ;f  tx)q©^ 

-mo3  oHiodoHtA  “I0' taiiftTCI  arH  k  noilioq  o  no  tioqafl  ;(S98f)  ,O.J1  ,llannoDDM 
^©^^9J  k  HI10H  lavi^  ojleDcjoHlA  bno  i©vi^  ©dd©3  naswl^  \(i1nuoo  orb  QnhiTq 
.esBoq  ,l9  J  J3  ,V  .loV  ,.e1q9SI  .noA  ,no0  .yiu2  .IosO  .oHoJ  0vdI2 

.noD  .vnu2  .loaO  \Dt^adlA  ,iovf51  y^iom2  lawoJ  ^aoooootaiD  :(9f9f)  .H.3  ^nioaJoM 

.K-(  ,q  yO  .l3  ^8191  .tq©5i  .mu2 

bnoiqU  o1  lodlA  ©rH  I0  yiotiiH  (oDiBolodO  oHi  k  waalcioT^  i(2£90  .H  ,3  ^moaJsM 
,r$r-SfJ  JUV  .qoHD  ,dt[  ,maM  .odD  .ioaO  ;sitiiT  riDinovaO  moi^ 

'.j 

-bldi3  .noD  uumoisoont  16  «9io9q2  notboooD  ©mo2  ni  ibnoiT  :{C^9I)  «H,3  ^mooJDM 

,6I^-6C  .q  A£  .loV  ,.iDkl 

moiiswHt^n  I0  oojtDfrno3  nogavnuO  ^uoaoo^aiD  i9<^U  ©HT  :(d^9f)  aH.3  ^fnoeJoM 
ieqo3  .ooD  .vio2  .loaO  voldrnuloD  Htiiiifl  ftTf©i2o©Htion  bno  otiodlA 

.taQoq  ^ 

.  ,  1 

©noJ  I0  «l»©q«oTq  lio  bno  ygolos©  :(AK9r)  noaiobfisH  ,3.L  bno  ,13.3  ^moaJ^M 
.{©goq  8  i©qo3  .noD  ,viu2  ,lo©0  ^oidmuloD  Hjitiifl  xOoto  niotnuoM 

o^i&dlA  ,nooD  .td?‘  ;ntoi1ofm©3  yonuMoM  ©Hilo  yooloaO  ;(629f)  ,8.0  ,noll©M. 

,£|k-6€  .q  .tq  .tqa8 

^odollnoM  bftD,jnow©Ho1oH8o2  k  Inomaiod  ooi>dfftoooii^  s(S690  .3,S  ^norroato^ 

,Qii9cHA  I0  yliziavinU  ^tieofO  .C3,H3  boHziiduqnU 


57 


Pettijohn,  F.J.  (1943):  Archean  sedimentation;  Geol.  Soc.  Amer.  Bull.,  Vol.  54, 
p.  925-972. 

Pettijohn,  F.J.  (1949):  Sedimentary  rocks  (1st  edition);  Harper  and  Brothers,  New 
York,  526  pages. 

Pettijohn,  F.J.  (1957):  Sedimentary  rocks  (2nd  edition);  Harper  and  Brothers,  New 
York,  71 8  pages. 

Poldervaart,  A.  (1956):  Zircon  in  rocks.  Pt.  2.  Igneous  rocks;  Amer.  Jour. 

Science,  Vol.  254,  p.  521-554. 

Poldervaart,  A,  and  F.D.  Eckelmann  (1955):  Growth  phenomena  in  zircon  of  autoch¬ 
thonous  granites;  Geol.  Soc.  Amer.  Bull.,  Vol.  66,  p.  947-948. 

Rankama,  K.  (1954):  Isotope  Geology;  Pergamon  Press,  New  York,  535  pages. 

Rodgers,  J.  (1950):  The  nomenclature  and  classification  of  sedimentary  rocks;  Amer. 
Jour.  Science,  Vol.  248,  p.  297-311. 

Shafiquilah,  M.  (1963):  Geochronology  of  Cretaceous-Tertiary  boundary,  Alberta, 
Canada;  Unpublished  M.Sc.  Thesis,  University  of  Alberta. 

Smithson,  F.  (1941):  The  Alteration  of  Detrital  Minerals  In  the  Mesozoic  Rocks  of 
Yorkshire;  Geol.  Magazine,  London,  Vol.  78,  p.  97-112. 

Spencer,  D.W.  (1963):  The  Interpretation  of  Grain  Size  Distribution  Curves  of  Clastic 
Sediments;  Jour.  Sed.  Petrology,  Vol.  33,  p.  180-190. 

Spotts,  J.H.  (1962):  Zircon  and  Other  Accessory  Minerals.  Coast  Range  Batholith, 
California;  Geol.  Soc,  Amer.  Bull.,  Vol.  73,  p.  1221-1240. 

Steick,  C.R.  (1950):  Cenomanian-Albian  Foraminifera  of  Western  Canada,  Unpublished 
Ph.D.  Thesis,  Stanford  University;  Abstract  in  Stanford  Univ.  Bull.,  8th  series. 
No.  67,  p.  335-336,  1951. 

Steick,  C.R.  (1962):  Upper  Cretaceous,  Peace  River  area,  British  Columbia;  Edmonton 
Geol.  Soc.  Guide  Book,  Peace  River  field  trip,  p.  10-21. 

Steick,  C.R.  and  J.H.  Wall  (1955):  Foraminifera  of  the  Cenomanian  Dunveganoceras 
zone  from  Peace  River  area  of  Western  Canada;  Res.  Coun.  Alberta  Rept.  70, 
80  pages. 

Steick,  C.R.,  J.H,  Wall,  and  R.E,  Wetter  (1958):  Lower  Cenomanian  Foraminifera 
from  Peace  River  Area,  Western  Canada;  Res.  Coun.  Alberta,  Geol.  Div. 

Bull.  2,  Pt.  1,  35  pages. 

Thiel,  G.A.  (1940):  The  relative  resistance  to  abrasion  of  mineral  grains  of  sand 
size;  Jour.  Sed.  Petrology,  Vol.  10,  p.  102-124. 

Tomita,  T.  (1954):  Geologic  significance  of  the  color  of  granite  zircon  and  the 

discovery  of  the  Pre-Cambrian  in  Japan;  Memoirs  of  the  Faculty  of  Science, 
Kyushu  University,  Series  D,  Vol.  4,  Geology,  p.  135-161. 


JoV  .,l(u8  ,i©mA  .3o3  ,Ic«iO  %oo!to1a©in?b©t  fioariDiA  :{£^9I)  ,nHojit1a9 

^^9-^59  .q 

waH  .iiaHloifl  bno  *i®qioH  ;(noit1be  tiO  «l30i  yTOln®fwib©2  :(9^90  A  ,iv^o|itto9 

.wexxi  6S^  ^>lioY 

.n«dl0’»P  bno  >»qioH  Anoilfb©  bnS)  '^otf»80»Ib#2  ; (\Wf)  .L,^  ^niHojllts^ 

.  .^oQoq  8fK  *jJioY 

.lUoL  .i©mA  '(i)boi  tuoorHsf  .S  n?  nco'JiS  :(d&9f)  ,A  ^hooyiob!o9 

>S£-fS2.  .q  >£.$  ,loV  ^©3n«b2 

•*HDotuo  ^  nca'iix  ™  onorpofioHq  dtwo'»0  ^(£29/)  f»noailo4o3  »Q»3  bno  ,A  ,tiDo\n«blo9 
,8^9- ^<^9  ,q  ,66  JoV  .  >©mA  ,oo3  .ioeO  ;Mit(notQ  auonodi 

.esgoq  202  ^>l>oY  v#©H  noiroQi^H  ^ygoloaO  £»qo<c»i  ‘.(^29 f)  .X  ^Dmo>inoJl 

.  lomA  :^>loo1  vio^namib©*  noho^ni^tola  bno  siutolonafnon  ©dT  :(029r)  ,L'  ^eiAgbo^ 

JlC-\9$  .q  ,8^S  .loV  ,©3nalD2  .luol 

li 

,otiflKllA  ,^iDbnuod  \f>Di<*»oT**«o«5c>f»0  V>  ^^lonoiriisoaO  :(G69()  .M  ,riollupih>fi2 

.oii^dlA  1o  yti«t©vInU  ^iiwnT  .32,M  bfKbilduqnU  ;t>bDnoD 

e>ldo5I  oiososaM  ©Hi  nl  eloioniM  lotiildGI  k>  nohoi^tlA  sdT  :{l^9r)  .3  ^no<dlim2 
.Sft-^9  .q  .loV  ,nobnoJ  ^©ftfsocoM  .loeO  \©iifUd'ioY 

3i1«o1D  isviuD  no{lud»iti|Q  ©xiG  nloiO  "te  noHotsvq’ifrlnl  •rTT  ;(E69C)  •W«C1  ,,i9on9q2 

.09l-08f  .q  At  J^V  ^xQoloii©^  .b©2  .luoL  ;^tn®fn^bo2 

,rltilodic6  jQ(w5i  UDoO  ilo?#n»M  i®f{tO  bno  nooiiX  :(S69r)  *H.L  ^*ltoq2 

.q  ,8^  ,.JIu8  .lamA  ,x>2  JodiO  ;oinio^ilpD 

beditJfduqnU  ,obonoD  moiteW  oi®fVn5inw>'io3  noidlA-noinortionoD  !(0£9I)  ,5J.O  ,:ioloi2 
,2911®?  Hl8  ,,llu8  .vtnU  bio^nol2  ni  looniedA  ^vtliiovinU  bio^not2  ,«iaoHT  .Q.rfl 

je9t  ,6G€-2e€  .q  ,\6  .oH 

natnomb^  ;DidrnuloD  ,09no  lovifl  oijoa’i  ,wo®:>ot9iD  iflKiqU  ;(5^f)  ,>bl9l2 

.r$[-Cf  .q  (qlti  bloil  navi)?  »oo99  ,jk>o8  ©biuO  ,oo2  .(ooO 

wisaor t:yq vn u*Q  nofnofuonoD  arH  lo  oia^inimoio^  t(2£9[)  IloW  .H.t  bno  .il.D 
,  0^  .  iqo^l  oiiad  t A  ,nuoD  ,2©)^  *,obonoO  nidtzaW  lo  oaio  loviM  oooo^  moi^  *005 

.•  •  as  - 

ma^inifTfOio^  notnomonoD  lO^voJ  :^8c9T)  19II9W  ,3,5?  boo  ,lloW  ,H.L  ,.B,D  ,>iolM2 
.vi<3  .I09O  ,o1i9cllA  .nuoD  .2o5?  ;obDnoD  molaaW  ^osiA  i9vi5!  a^oo^  moi3 

.«©\^oq  2G  xf  .*3  ^ 

bno2  TO  znioiQ  loiunim  noiaoxlo  oi  aonolaiaoi  »v?ioUi  sHT  ;(0^9f)  ,A,0  ^l»irrr 

>if-S0f  ,q  ,0T  vIoV  .loot  \9Xff 

adi  bno  nooirs  alirioiQ  ipJoo  ©Hi  3o  sonoDningia  oiooloaO  i(^290  .T  .^plimoT 
,9006132  lo  xiIuodI  srli  jiiomaM  ;npqol  ni;  nohdrooD'-ei*  oHtf  ^  >n«voo2ib 
.fdl-aCf  ,q  ,XBob90  ,A  ,loV  ,a  eahoE  ,xtlii9vin0  udaux^ 


58 


Trask,  P.  D.  (1932):  Origin  and  environment  of  source  sediments  of  petroleum;  Gulf 
Pub.  Co.,  Houston,  67  pages. 

Travis,  R.B.  (1955):  Classification  of  Rocks;  Colorado  School  of  Mines  Quart., 

Vol.  50,  No.  1. 

Warren,  P.S.  (1930):  Three  New  Ammonites  from  the  Cretaceous  of  Alberta;  Trans. 

Roy.  Soc.  Can.,  3rd  Series,  Sec.  IV,  Vol.  24,  p.  21-26. 

Warren,  P.S.  (1933):  New  Coloradoan  Species  from  Upper  Peace  River,  British 

Columbia;  Trans.  Roy.  Soc.  Can.,  3rd  Series,  Sec.  IV,  Vol.  27,  p.  109-119. 

Warren,  P.S.  and  C.R.  Steick  (1940):  Cenomanian  and  Turonian  faunas  In  the  Pouce 
Coupe  District,  Alberta  and  British  Columbia;  Trans.  Roy.  Soc.  Can.,  3rd 
Series,  Vol.  34,  p.  143-152. 

Wentworth,  C.  K.  (1922):  A  scale  of  grade  and  class  terms  for  clastic  sediments;  Jour. 
Geology,  Vol.  30,  p.  377-392. 

WIckenden,  R.T.D.  (1932):  Notes  on  Some  Deep  Wells  in  Saskatchewan;  Trans.  Roy. 
Soc.  Can.,  3rd  Series,  Vol.  26,  Sec.  IV,  p.  177-196. 

WIckenden,  R.T.D.  and  G.  Shaw  (1943):  Stratigraphy  and  Structure  In  Mount  Hulcross- 
Commotion  Creek  Map  area,  British  Columbia;  Geol.  Surv.  Can.  Paper  43-13. 

Williams,  M.Y.  (1944):  Investigations  along  the  Alaska  Highway  from  Fort  Nelson  to 
Watson  Lake,  Yukon;  Geol.  Surv.  Can.  Paper  44-28. 


SI 


I 

I  ’ 

I 


-  . 

^IwO  ^mu9toii»q  \o  iSnemJbiW  ac^tgoe  }o  toamnoiivna  bno  nlfiliO  :(SC?f)  »>l2cyiT 

,  .«»Qt>q  \6  ^r»ot2uoH  ^,o0 


..iiouO  lamM  Vo  !ood»2  oboioioO  ;wioo5i  Vo  noiloolVIttolD  j(d£90  .8 ,5J .^ilvoiT 

,r  .oM  ,01  .loV  ' 

.anoiT  ^oiiodiA  Vo  lopaodoi^  afH  moiV  »fi1inom»oA  wfi^  oaifH’  :(0C9f)  .2.9  ,nanoW 

,q  ,loV  ^VI  ,3o2  bi€  ,.no3  .3o2  ,xo9 

I’N 

rUifiifl  ,iov»9  ®ooo9  i»qqU  moiV  »fooq2  ru>obo*(otoD  waH  :(C69I)  .2*9  ,no^ioW 
.9ff-90f  .q  .loV  ,VI  .3«2  ^201192  bi£  ,.noD  .do2  .yoJI  .anriT  ;oidmolo3 

»duo9  ofit  ni  eoouo^  noJfXJiuT  bno  rroinornono^  2(0>9f)  >blolE  ,JI,D  bno  .2,9  ^nanoW 
bnS  ^.noD  .3o2  .yc9  .znoiT  *^oidmt*ioD  rbliiifl  boootiadlA  aquoD 

.S2l-C^f  .q  ,>C  JoV  ^2a)>o2 

.ii»oL  \«1r»amib92  olifoio  loV  *2d!d  bno  aboiQ  Vo  atooB  A  :(SS9f)  .0  ^rlViowInaW 

.S9e-K^€  .q  .loV  .XQoloaO 

,yp^  .znoiT  ; nowadoto^itoE  ni  allaW  qaaO  amo2  no  eatokt  :(S£9f)  ,0,T,9  ^nabnadolW 

.69f-K\f  .q  ^Vl  ,3a2  ^dS  .loV  ,^aiia2  bi€  .ooE 


u 

t 

i 

; 


«• 


\ 


■  a 
M 

li 


-moioIoH  tnooM  nl  aiuioin^E  boo  yHqDigittrrt2  :(GX9f)  wodE  ,0  boo  ,Q,T,9  ^nabnadaiW 
•  i9qo9  .ftoD  ,vio2  ,loaO  ;c]dmuloD  rUitiifl  ,i>aio  qoM  ilaai^  oollommo^ 


o1  ooelaM  1io9  nnoit  yowfigtH  o^ioiA  aril  qooId  jnoflodttavnl  :(AA9I)  .Y .M  ^^moilliW 

i9qD9  .noD  .viu2  .load  ^adoJ  ooetoW 


59 


APPENDIX 


Histograms  of  24  samples 
Cumulative  curves  of  24  samples 
Photographic  plates 
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Plate  -  1 


Figure  1 . 
Figure  2. 
Figure  3. 


Figure  4. 


-  Outcrop  of  Dunvegon  Formation  (upper  part)  at  the  type 
area. 

-  Outcrop  of  Dunvegon  Formation  (lower  part)  at  the  type 
area . 

-  Feldspar  concentrate  from  sample  188,  Sanidine  grains 
almost  clear,  orthoclase  grains  cloudy.  Volcanic  frag¬ 
ments  and  chert  grains  are  opaque.  Magnification  48X. 

-  Sandstone  (sample  H30)  showing  grains  of  quartz  and  chert. 
A  grain  of  plagioclase  can  be  seen  at  the  centre.  Nicols 
crossed.  Magnification  30X. 
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PL  ATE  I . 


Plate  "  2 


Figures  1  &  2 . 

-  Slightly  rounded  euhedral  zircon  (sample  H58).  Note 
the  core,  overgrowth  and  inclusions.  Magnification 

480X. 

Figure  3. 

-  Euhedral  zircon  showing  outgrowth  (sample  H30). 
Magnification  300X. 

Figure  4. 

-  Twinned  zircon  (sample  H6).  Magnification  480X. 

Figure  5. 

-  Zircon  showing  differences  in  rounding  at  its  two  ends. 

Also  note  the  overgrowth.  From  sample  96.  Magnification 
250X. 

Figure  6. 

-  Rounded  hyacinth  (twinned  ?).  From  sample  H6. 
Magnification  480X. 

Figure  7. 

-  Well-rounded  zircon  (sample  96).  Note  the  Inclusions. 
Magnification  480X. 

Figure  8. 

-  Long  prismatic  zircon  with  rounded  ends.  Note  the  inclu¬ 
sion  through  out  the  length  of  the  grain.  From  sample  96. 
Magnification  250X. 

Figure  9. 

-  Subrounded  grain  of  apatite  (sample  H6).  Magnification 
300X. 

Figure  10. 

-  Staurolite  with  saw-tooth  boundary  (sample  96).  Magni¬ 
fication  300X. 

Figure  1 1  . 

-  Subrounded  grain  of  apatite  (sample  HI 50).  Note  the 
arrangement  of  inclusions.  Magnification  300X. 

Figure  12. 

-  Sphene  (sample  169).  Magnification  300X. 
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PLATE  II. 


Plate  -  3 


Figure  1  . 
Figure  2. 
Figure  3. 
Figure  4. 
Figure  5, 
Figure  6. 
Figure  7  &  8. 
Figure  9. 
Figure  10, 
Figure  1 1  . 


-  Almost  clear  grain  of  sanidine  (sample  H6). 
Magnification  120X. 

-  Subangular  grain  of  orthoclase  (sample  H6),  Note 
the  arrangement  of  inclusions.  Magnification  190X. 

-  Rounded  euhedral  grain  of  garnet  (sample  96). 

Note  the  inclusions.  Magnification  300X. 

-  Rounded  euhedral  rutile  (sample  H30).  Magnifica¬ 
tion  480X. 

-  Garnet  showing  conchoidal  fracture  (sample  H150). 
Magnification  300X, 

-  'Skeleton  crystal'  of  garnet  due  to  solution  (?). 
Sample  H6.  Magnification  300X. 

-  Garnet  grains  showing  corrosion  due  to  solution  effect 
(?).  From  sample  96.  Magnification  190X. 

-  Subangular  grain  of  tourmaline  with  abundant  inclu¬ 
sions  (sample  144).  Magnification  600X. 

-  Garnet  grain  showing  corrosion  at  its  borders  (sample 
96).  Magnification  190X. 

-  Euhedral  grain  of  tourmaline  (sample  37),  Note  the 
inclusions.  Magnification  750X. 

-  Grain  of  chloritoid  (sample  244).  Note  inclusions. 
Magnification  300X. 


Figure  12. 
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Plate  -  4 


Figure  1 . 


Figure  2. 
Figure  3. 


Figure  4. 


-  Sandstone  (sample  H6)  showing  grains  of  chert,  quartz  (clear  ones) 
and  feldspar  (less  clear  than  quartz).  Note  the  rounding  of 
feldspar  (near  the  top  of  the  microphoto).  Nicols  crossed. 
Magnification  30X. 

-  Sandstone  (sample  169)  showing  quartz  and  chert  grains  with 
matrix.  Nicols  crossed.  Magnification  30X. 

-  Grains  with  cloudy  appearance  are  carbonate.  Two  such 
grains  can  be  seen  at  the  top.  Sample  232.  Nicols  not 
crossed.  Magnification  30X. 

-  Sandstone  showing  carbonate  cement  (sample  144).  Nicols 
crossed.  Magnification  75X. 
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